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HAIR CUTTING APPARATUS 
The present invention relates to hair cutting apparatus 

generally. 

BACKGROUND OF THE INVENTION 

There exists a great variety of hair cutting apparatus. 
These include single or multiple blade razors which are pulled 
across the surface of the skin and devices having an 
electrically powered vibratory element which drives opposing 
blades in a scissors type action. 

U.S. Patent 3»934,115 describes a method and apparatus 
for electric singe cutting in which heated and opposed edges of 
two thin strips of metal form a slot, at which hair extending 
therethrough is singed to effect severance of the hair. 
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SUMMARY OF THE INVENTION 
The present invention seeks to provide improved hair 

cutting apparatus. 

There is thus provided in accordance with a preferred 
embodiment of the present invention hair cutting apparatus 
including a housing and laser apparatus disposed in the housing 
and arranged to provide a beam of light impinging on hair to be 
cut, the beam of light being operative to cut the hair. 

In accordance with a preferred embodiment of the 
present invention, the laser apparatus is operative to provide a 
beam of light at a wavelength which is strongly absorbed by hair 
to be cut but not strongly absorbed by adjacent tissue. 

In accordance with a preferred embodiment of the 
present invention, the wavelength of the beam is such that it is 
generally not absorbed by human skin. 

A preferred wavelength range for operation of the 
shaving apparatus is 0.8 micron. 

In accordance with a preferred embodiment of the 
invention the operational wavelength of the laser apparatus is 
selected to be such that only hairs of a certain color, such as 
white or gray hairs, are cut and the remainder of the hairs are 
not cut. A wavelength of 0.8 micron is suitable for this purpose. 
Such apparatus may be particularly useful for removing unwanted 
white or gray hairs automatically. 

In accordance with a preferred embodiment of the 
present invention, the laser apparatus also comprises optical 
transfer means for directing the beam to the hair. The optical 
transfer means may include refraction and reflection means having 
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optical power. 

Additionally in accordance with a preferred embodiment 
of the invention, hair collection apparatus may also be provided 
in the housing for collecting loose hairs that have been cut by 
the laser beam. The hair collection apparatus may comprise a 
vacuum device or alternatively or additionally, electrostatic 
hair collection apparatus. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood and 
appreciated more fully from the following detailed description, * 
taken in conjunction with the drawings in which: 

Fig. 1A is a pictorial illustration of the use of a 
shaver constructed and operative in accordance with a preferred 
embodiment of the present invention; 

Fig. IB is a pictorial illustration of the use of a 
laser hair cutter constructed and operative in accordance with a 
preferred embodiment of the present invention; 

Fig. 2A is a simplified sectional illustration of a 
laser shaver constructed and operative in accordance with a 
preferred embodiment of the present invention. 

Fig. 2B is a simplified sectional illustration taken 
along the lines 2B - 2B of Fig. 2A; 

Fig. 3A is a simplified sectional illustration of a 
laser shaver constructed and operative in accordance with another 
preferred embodiment of the present invention; 

Fig. 3B is a simplified sectional illustration taken 
along the lines 3B - 3B of Fig. 3A; and 

Fig. h is a simplified sectional illustration of a 
laser hair cutter constructed and operative in accordance with 
another preferred embodiment of the present invention. 
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 
Reference is now made to Figs. 1A, 2A and 2B which 
illustrate a laser shaver constructed and operative in accordance 
with a preferred embodiment of the present invention. The laser 
shaver preferably comprises a housing 10, typically formed of 
plastic or of any other suitable material. Disposed within 
housing 10 is laser apparatus 12, preferably comprising a laser 
source l4 and laser beam transfer optics 16, which direct a laser 
beam 18, produced by the laser source 14 to hairs 19 to be cut. 

In accordance with a preferred embodiment of the 
present invention, the laser source 14 comprises a semiconductor 
laser such as a Gallium Arsenide laser, preferably operative to 
provide an output laser beam at a wavelength which is strongly 
absorbed by hair, such as facial hair but which is not strongly 
absorbed by surrounding tissue, such as skin. A preferred 
wavelength is 0.8 micron, although it is assumed that other 
wavelengths may also be suitable. 

It is a particular feature of the present invention 
that suitable selection of the operative wavelength of the laser 
source 14 enables hair to be vaporized and carbonized at the 
location of impingement of the laser beam 18 thereon, thus 
separating that portion of the hair still attached to the hair 
follicle from that extending outward from the impingement 
location, thereby producing a hair cutting effect. 

It is also a particular feature of the present 
invention that by suitable selection of the operative 
wavelength of the laser source only hair of a selectable color or 
range of colors may be cut, while hairs of other colors are left 
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intact. In such a way white or gray hair may be automatically 
removed by a simple combing action. 

The laser beam transfer optics 16 preferably comprise 
reflective optics, such as a mirror 20 and refractive optics such 
as a lens 22. Any other suitable arrangement of laser beam 
transfer optics 16, including any suitable optical element or 
elements may alternatively be employed. 

In accordance with one preferred embodiment of the 
present invention, there is also provided a laser beam absorber 
30 for absorbing the laser beam and thus preventing spurious 
impingements thereof. 

Reference is now made to Figs. 3A and 3B which 
illustrate a preferred embodiment of laser shaver in which the 
laser beam transfer optics is designed to provide multiple 
reflections of the laser beam over a shaving region. In this 
case, the absorber 30 is replaced by at least two mirrors 32 and 
preferably a generally rectangular circumferential mirror 
assembly which is operative to provide a back and forth pattern 
of laser beams, which can be effective for cutting hair over a 
relatively large area. It is appreciated that in this embodiment, 
initial impingement of the laser beam on mirror 20 is such as to 
produce a reflection which is not perpendicular to the planes of 
mirrors 32. 

According to a preferred embodiment of the present 
invention, there is provided apparatus for collecting loose 
hairs, which are cut by the impingement thereon of laser beam 18. 
The apparatus for collecting loose hairs preferably comprises 
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electrically operated vacuum apparatus 24, such as a suction 
blower but may alternatively comprise any other suitable hair 
collection apparatus, such as electrostatic apparatus. 

Both the laser source 12 and the vacuum apparatus may 
receive electrical power from a suitable power supply 26, which 
may be battery powered or alternatively powered by an external 
source of current. 

Reference is now made to Fig. 4, which illustrates hair 
cutting apparatus constructed and operative in accordance with a 
preferred embodiment of the present invention and comprising many 
of the same elements as in the embodiment of Figs.. 2A, 2B, 3A and 
3B , which are indicated by identical reference numerals. In the 
embodiment of Fig. 4, there is provided a comb portion 40 which 
arranges the hairs 42 on a person's head, generally in a plane so 
that they can be impinged upon by a laser beam 18, which may be 
focussed thereon by a lens 22. Alternatively lens 22 may be 
eliminated. As a further alternative additional optical apparatus 
may be provided for positioning or configuring the laser beam, 
directing it along multiple paths or effecting scanning thereof. 

It is a particular feature of the embodiment of Fig. 4, 
that color specific cutting may be provided, thus enabling white 
or gray hairs to be automatically cut, while leaving uncut dark 
colored hair. Additionally or alternatively, a hair thinning 
function may be provided, whereby only a desired percentage of 
all hairs may be cut by the laser beam. 



7 



WO 92/16338 



PCT/GB92/00426 



It will be appreciated by persons skilled in the art 
that the present invention is not limited to what has been 
particularly shown and described hereinabove. Rather the scope of 
the present invention is defined only by the claims which follow: 
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CLAIMS 

1. Hair cutting apparatus comprising a housing and laser 
means disposed in the housing and arranged to provide a beam of 
light impinging on hair to be cut, the beam of light being 
operative to cut the hair. 

2. Hair cutting apparatus according to claim 1 and wherein 
said laser means is operative to provide a beam of light at a 
wavelength which is strongly absorbed by hair to be cut but not 
strongly absorbed by adjacent tissue. 

3. Hair cutting apparatus according to claim 2 and wherein 
said wavelength of the beam is such that it is generally not 
absorbed by human skin, 

4. Hair cutting apparatus according to any of the 
preceding claims and wherein said wavelength of the beam is such 
that it is generally absorbed by hair in a predetermined color 
range but is not generally absorbed by hair outside of said color 
range. 

5. Hair cutting apparatus according to claim 4 and wherein 
said wavelength is such that it is generally absorbed by white 
and gray hair, producing cutting thereof but is not generally 
absorbed by hair of other colors. 

6. Hair cutting apparatus according to any of claims 2-5 
and wherein said wavelength is 0.8 micron. 
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y # Hair cutting apparatus according to any of claims 1-6 

and wherein said laser means also comprises optical transfer 
means for directing the beam to the hair. 

8. Hair cutting apparatus according to claim 7 and wherein 

said optical transfer means includes refraction and reflection 
means having optical power. 

9_ Hair cutting apparatus according to any of the 

preceding claims and also comprising hair collection means in the 
housing for collecting loose hairs that have beert cut by the 
laser beam. 

10. Hair cutting apparatus according to claim 9 and wherein 
said hair collection means comprises a vacuum device. 

11. Hair cutting apparatus according to any of claims 7 

10 and wherein said optical transfer means comprise means for 
producing multiple reflections of said laser beam. 

12. Hair cutting apparatus according to any of claims 7 

11 and wherein said optical transfer means comprise means for 
focusing said laser beam. 

13. a method for color selectively cutting hair comprising 
the steps of: 

providing a laser beam having a wavelength which is 
strongly absorbed by hair of a predetermined color range, which 
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hair it is sought to cut and which is not strongly absorbed by 
hair of a color outside of the predetermined color range, which 
it which is sought not to cut; and 

causing the laser beam to impinge on hair for cutting 
those hairs of said predetermined color range while not cutting 
those hairs of a color outside of the predetermined color range. 
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ERADICATION OF MARKS AND STAINS BY LASER 

THIS INVENTION concerns a method of and apparatus for 
eradicating marks and stains by laser and is particularly though not 
exclusively concerned with removal of pigmentation at or beneath the 
surface of a substrate. 

Applications of the method are manifold, such as removal 
of marks and stains in hides or made up articles of leather, from 
wood especially in articles of furniture, from textiles and articles of 
clothing, and any application where pigmented or other marks or 
stains require elimination without damage to the surrounding substrate. 
A further example is the removal of skin lesions including pigmented 
lesions such as tattoo marks, moles, etc, and vascular lesions such as 
% "port wine" stains. 

Attempts have been made to remove pigmented marks 
using a Q-switched ruby laser. Such a laser generates a very short 
pulse duration in the region of 10 to 30 nano seconds and imposes 
power densities on the substrate in the region of 1,200 to 2,800 
GW m . Such power densities may cause damage to the surrounding 
substrate. Furthermore, a Q-switched ruby laser cannot deliver its 
treatment beam to the site using a flexible optical fibre. This is due 
to the very high power densities generated, and an articulated arm 
must be used for delivery. 
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Additionally, ruby lasers operate on a single wavelength 
system, usually 693 nanometres. 

An object of the present invention is to provide a 
method of and apparatus for the eradication of marks and stains, 
using a tunable laser which is effective in removal whilst operating at 
power densities far less than that generated by a Q-switchec ruby 
laser, and with longer pulse duration, and wherein a flexible optical 
fibre may be used to deliver the treatment beam to the site. 

According to the present invention there is provided a 
method of eradicating marks and stains at or beneath the surface of 
a substrate, comprising the step of directing at said surface, laser 
light generated by a variable wavelength pulsed laser, the laser 
operating to produce an output in the form of a pulse having a 
duration in the range of 0.1 to 100 microseconds, at an energy level 
in the range of 0.5 to 5 Joules, and at a wavelength in the range of 
400 to 900 nanometres. 



In a preferred method the laser produces a sequence of 
pulses with a repetition rate in the range of 1 to 20Hz. 

Still further, the laser energy is preferably delivered to 
the surface via a single or multiple core optical fibre having a core 
size in the range of 600 to 1500/mi. 

In this way, the fibre optic delivery system may be hand- 
held allowing for the adjustment of the spot size of the laser beam 
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on the surface, so that it can be selected within the range of 1 to 
100mm in diameter. 

The basic principle behind the method is that the laser is 
used to irradiate the site of the mark or stain in the substrate, and 
the wavelength at which the laser operates is chosen so that the 
mark or stain absorbs the radiation whilst unmarked surrounding- 
substrate absorbs only little and so is not damaged. In this way a 
selective effect is obtained. 

Further according to the present invention there is 
provided a pulsed laser apparatus for eradicating marks and stains at 
or beneath the surface of a substrate, the apparatus comprising a 
variable wavelength pulsed laser which is tunable to produce an output 
in the form of a pulse having a duration in the range of 0.1 to 100 
microseconds, at an energy level in the range of 0.5 to 5 Joules, and 
at a wavelength in the range of 400 to 900 nanometres. 

The apparatus comprises a fibre optic delivery system 
incorporating an optical fibre having a core size in the range 600 to 
1500//m, 

It is believed that the aforesaid method may be effected 
in many different applications such as the removal of pigmentation 
marks and stains at or beneath a translucent surface and also for 
creation of marks, for example, on self-coloured plastics material by 
removing pigmentation preferentially in selected areas thus to produce 
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identification marks. One example of such application is an electrical 
cable having self-coloured sheathing which, by the application by the 
laser light in accordance with the invention may be selectively 
marked. 



Coloured substrates may have a pattern or printing 
imposed thereon, by selective eradication of pigmentation. These 
effects may be established at and/or just beneath the surface cf the 
substrate thus to be visible thereat. 

An embodiment of the method in accordance with the 
invention will now be described in relation to the removal or 
reduction of skin lesions such as tattoo marks and port wine stains. 

A tattoo mark is produced by a dark pigment (usually 
blue or black) introduced into the dermis. The particles of pigment 
are not removed by normal cellular activity and so the mark is 
permanent. The colour particles which make up the tattoo usually 
absorb well at wavelengths in the red part of the spectrum 
corresponding to a wavelength in the range of 650 to 700nanometres. 
However, these wavelengths are not absorbed by normal unmarked skin 
and so are scattered such that the energy is dissipated over a 
relatively large area with little or no effect on normal tissue. 

In the lesion itself the radiation is very efficiently 
absorbed and so the energy is concentrated in or around the 
pigmented area. 
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The design of the laser system is such as to increase the 
discrimination between tissue which forms part of the lesion, and 
normal unmarked tissue. For example, pulsed energy is important. A 
pulse of energy is deposited in the effected tissue for a time which is 
short when compared with the thermal relaxation time of the tissue. 
This means that the heat is generated locally and will not 
significantly spread by conduction to other, non-pigmented tissue. 
Thus, thermal injury to the adjacent tissue is avoided. This is an 
important aspect of the present invention for use on skin lesions, in 
contact with methods which use continuous wave lasers (including 
carbon dioxide and argon lasers) producing a much higher degree of 
thermal injury to the surrounding tissue. Furthermore, pulsed 
radiation generates an acoustic shock wave at the treatment site, 
which generally improves the effectiveness of the treatment. This 
appears to be due to the breakup of pigmented particles into smaller 
* r pieces which can then be removed by normal cellular activity. To 
generate a shock wave the pulse must be of a duration in the range 
of 0.1 to 100 microseconds, with an optimum duration of between 1 
and 5 microseconds. 

A tunable or variable wavelength laser may be used to 
treat skin lesions in several different ways. For example, for 
complete removal within one or two treatment sessions, the area 
treated should be in the region of 1 to 3mm in diameter, per pulse. 
However, the consequent high energy density results in selective 
, thermal injury and there would be some scarring, but this will heal 
well and is not extensive. This process compares most favourably 
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with existing practice using, for example, carbon dioxide lasers where 
there is no tissue selectivity and where removal of a large area of 
tissue is required with significant thermal injury and scarring. In 
effect, when laser apparatus is used in accordance with the invention 
it requires much less operator skill since it is less likely to produce 
accidental or co-lateral thermal damage when compared with existing 
processes. 

In alternative eradication mode a spot size of 3 to 5mm 
may be treated requiring 3 to 4 sessions for each irradiated area. 
Consequently, this results in much less thermal damage but requires a 
greater number of process sessions. 

Again, complete removal of pigmented lesions can be 
achieved with no residual scarring at all, but in this case some 5 to 7 
process sessions on a larger site would be required, resulting In 
gradual fading of the lesion. 

When the process is applied to the eradication of 
vascular lesions such as "port wine stains", the pulse duration must 
be selected in the range of 20 to 100 microseconds, whilst the 
wavelength should be in the region of 500 to 600 nanometres. 

Selection of the operating parameters of the laser within 
the scope of the invention as aforesaid may be made according to the 
nature of the mark or stain to be removed, and of the substrate 
material. 
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The laser. may be either a flash tube excited laser or a 
tunable solid state laser such as a titanium sapphire lase*\ 

It is envisaged that the operating ranges of the laser 
may be selected automatically by a control function which responds to 
a selection of a mark/substrate type. In this way, semi-skilled or 
perhaps even unskilled technicians may be capable of eradicating 
marks and stains effectively. 
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CLAIMS 

lm a method of eradicating marks and stains at or beneath 

the surface of the substrate, comprising the step of directing at said 
surface, laser light generated by a variable wavelength pulsed laser, 
the laser operating to produce an output in the form of a pulse 
having a duration in the range of 0.1 to 100 microseconds, at an 
energy level in the range of 0.5 to 5 Joules, and at a wavelength in 
the range of 400 to 900 nanometres. 

2 A method according to Claim 1, wherein said pulse 
duration is in the range of 0.1 to 20 microseconds. 

3 A method according to Claim 1, wherein said pulse 
duration is in the range of 20 to 100 microseconds. 

4 . a method according to Claim 1 or Claim 2, wherein said 

pulse wavelength is in the range of 400 to 800 nanometres. 

5> a method according to Claim 1 or Claim 3, wherein said 

pulse wavelength is in the range of 500 to 600 nanometres. 

6 A method according to any preceding claim, wherein the 

laser output consists of a sequence of pulses with a repetition rate 
selectable in the range of 1 to 20Hz. 

7> a method according to any preceding claim, wherein the 

laser energy is delivered to the substrate surface via an optical fibre 
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having a core size in the range of 600 to 1500/zm. 

8. Apparatus for eradicating marks and stains at or beneath 
the surface of a substrate, comprising a variable wavelength pulsed 
laser adapted to produce an output in the form of a pulse having a 
duration in the range of 0.1 to 100 microseconds, at an energy level 
in the range of 0.5 to 5 Joules, and at a wavelength in the range of 
400 to 900 nanometres. 

9. Apparatus according to Claim 8, wherein said pulse 
duration is in the range of 0.1 to 20 microseconds. 

10. Apparatus according to Claim 8, wherein said laser is 
adapted to produce a pulse of duration in the range of 20 to 100 
microseconds. 

11. Apparatus according to Claim 8 or Claim 9, wherein 
said laser is adapted to produce a pulse of wavelength in the range of 
400 to 800 nanometres. 

12. Apparatus according to Claim 8 or Claim 10, wherein 
said laser is adapted to produce a pulse of wavelength in the range of 
500 to 600 nanometres. 

13. Apparatus according to Claim 8, in which said laser is 
adapted to produce a sequence of pulses at a repetition rate 
selectable from 1 to 20Hz. 
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14. Apparatus according to any one of Claims 8 to 13, 

including an optical fibre connected to the output of the laser for 
delivery of said laser light, and having a core size in the range of 
600 to 1500//m. 

15> a method of eradicating skin lesions including pigmented 

lesions such as tattoo marks, moles, etc. and vascular lesions such as 
"port wine stains", the method comprising the steps of directing at 
the treatment site, laser light generated by a variable wavelength 
pulsed laser, the laser operating to produce an output in the form of 
a pulse having a duration in the range of 0.1 to 100 microseconds, at 
an energy level in the range of 0.5 to 5 Joules, and at a wavelength 
in the range of 400 to 900 nanometres. 

16 . A method according to Claim 15, wherein said pulse 
duration is in the range of 0.1 to 20 microseconds for removal of 
pigmented lesions. 

17 . A method according to Claim 15, wherein said pulse 
duration is in the range of 20 to 100 microseconds for removal of 
vascular lesions. 

Ig a method according to Claim 15 or Claim 16, wherein 

said pulse wavelength is in the range of 400 to 800 nanometres for 
pigmented lesions. 



19. 



A method according to Claim 15or Claim 17, wherein 
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said pulse wavelength is in the range of 500 to 600 nanometres for 
vascular lesions. 

20. A method according to Claim 15, wherein said pulse 
duration is in the range of 1 to 5 microseconds for pigmented lesions. 

21. A method according to any one of Claims 15 to 20, 
wherein the laser energy is delivered to the lesion site via an optical 
fibre having a core size in the range of 600 to 1500/zm. 

22. A method according to Claim 21, wherein the optical 
fibre delivery system is hand-held thus to allow adjustment of the 
spot size of the laser beam on the lesion site and thus in turn to 
determine intensity of the energy per pulse generated at the site. 
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HAIR ABLATION SYSTEM BY OPTICAL IRRADIATION 
FIELD OF THE INVENTION 
The present invention pertains to shaving systems. 
More particularly, the present invention pertains to 
shaving systems which incorporate optical filters that 
5 selectively direct high intensity light into a field, but 
only onto the objects in the field which are to be 
photoablated . The present invention is particularly, but 
not exclusively, useful for shaving hair from the body 
surface of a person. 

10 BACKGROUND OF THE INVENTION 

Shaving hair from the body has been practiced by men 
and women since near the beginning of recorded time. 
Indeed, in many respects the instruments which are used 
today for this purpose still bear some rudimentary 

15 resemblance to the earlier shaving instruments. 
Specifically, both ancient shaving devices and modern day 
shaving devices have somehow generally included a sharpened 
edge, or blade, which is used to cut the hair close to the 
surface of the skin to give the person a shaven appearance. 

20 Over the years, improvements in shaving devices have been 
mostly the result of learning new and better ways to use 
more durable materials in the manufacture of longer lasting 
and sharper blades for the devices* Modern technology, 
however, has taken us to the point where we are now looking 

25 for alternative ways to more efficiently and conveniently 
shave ourselves. Such attempts, as is the case with the 
present invention, have focused on ways of severing hair 
from the body which are quite different from merely cutting 
the hair with a blade, 

30 It is well known that many materials can be altered by 

a process which is generally referred to as photoablation. 
For photoablation, photons from a high intensity light 
source, such as a laser, are focused onto a material to 
alter the material in a way which causes it to be cut or 

35 severed. This result may, of course, be beneficial for 
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diverse applications and the intent here is not to limit 
the present invention to a single such application. 
Instead,, the present invention pertains to all applications 
where it is necessary and essential to carefully control 
5 the photoablation process. One specific instance involves 
applications where human tissue is to be cut or severed. 

It happens that photoablation is quite effective as a 
procedure for altering human tissue. As implied above, 
however, where human tissue is involved it is essential to 

10 effectively control the photoablation process. In essence 
this means that the light used for photoablation needs to 
be carefully and accurately focused onto only the specific 
area or part of the material or tissue which is to be cut 
or severed. The present invention recognizes this can be 

15 accomplished by properly filtering the light which is used 
to photoablate the material. 

Accordingly, it is an object of the present invention 
to provide a device for photoablating objects, such as 
human hair, which focuses sufficient light energy onto the 

20 object to cut or sever the object. Another object of the 
present invention is to provide a device for photoablating 
objects which selectively focuses high intensity light only 
onto objects which are framed within a field. Still 
another object of the present invention is to provide a 

25 device for photoablating objects which filters or blocks 
unwanted energy from a high intensity light source to 
selectively direct light onto objects which are to be 
altered by photoablation. Yet another object of the 
present invention is to provide a device for photoablating 

30 objects which is easy to use, relatively simple to 
manufacture and comparatively cost effective, 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a shaving 
device for photoablating hair includes a source of high 
35 intensity light, such as a laser, which is operationally 
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connected to the optical system of the device. This 
optical system includes an aperture, a filter device and an 
optical system. All of which may be mounted together in a 
housing . 

5 When properly mounted, the optical system of the 

present invention is positioned between the aperture and 
the filter. More specif ically, in relation to the optics 
established by the optical system, the aperture is located 
in the object plane, and the filter is located in the image 

10 plane. Consequently, when objects, such as strands of 
hair, are framed in the aperture, the picture composed by 
the object in the aperture is transferred through the 
optical system and onto the filter in the image plane. 

The device of the present invention also includes a 

15 secondary light source which is positioned to illuminate 
objects as they are framed by the aperture and the filter. 
The picture which results from this illumination by the 
secondary light source is then transferred through the 
optical system as mentioned above, to the filter where a 

20 negative of the picture is created to effectively establish 
a negative filter. High intensity light, e.g. a laser 
light, is then directed from the high intensity light 
source, through the negative filter and onto the objects 
framed by the aperture. 

25 In one embodiment of the present invention the filter 

device is an element having an image recording medium 
which, in response to light from the secondary source that 
is reflected by the object, establishes a negative of the 
picture. This embodiment can include a tertiary light 

30 source which radiates light at a wavelength that will erase 
the negative from the image recording medium of the filter. 
Alternatively, instead of a tertiary light source, a 
voltage source can be included which will erase the 
negative from the image recording medium at intervals as 

35 the picture changes. For another embodiment of the 

present invention, the filter device incorporates an image 
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processor which receives light from the secondary source 
that is reflected by the object to generate a signal which 
is representative of a negative picture. This signal is 
then used to impact the high intensity light source. In 
5 turn, the high intensity light source is programmed to 
accurately and selectively direct a beam of high intensity 
light onto only the objects that are to be photoablated . 

In the operation of the particular embodiment for the 
present invention which uses an image recording medium as 

10 the filter , the secondary light source is first activated 
to create the negative at the filter, the high intensity 
light source is then activated to use the negative filter 
for directing light onto the object to be ablated, and the 
negative is then erased. This sequence can be repeated as 

15 necessary. In the operation of the embodiment of the 
present invention which uses an image processor as a 
filter, the secondary light source and the high intensity 
light source are alternatingly activated, as necessary. 

For the particular application where the device of the 

20 present invention is to be used as a shaving system, the 
aperture can be mounted in a housing and the housing can be 
attached to a handle which can be used to move the aperture 
across the surface to be shaved. The optical . system and 
the negative filter can also be mounted in the housing or, 

25 through the use of a suitable optical fiber system, can be 
mounted as a remote unit. Similarly, the various light 
sources can be remotely mounted as desired. 

The novel features of this invention, as well as the 
invention itself, both as to its structure and its 

30 operation will be best understood from the accompanying 
drawings, taken in conjunction with the accompanying 
description, in which similar reference characters refer to 
similar parts, and in which: 
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BRIEF DESCRIPTION OF THE DRAWINGS 

* Figure 1A is a perspective view of the device of the 

present invention being used in an intended environment 

* with a remote unit; 

5 Figure IB is a perspective view of an alternate 

embodiment of the device of the present invention in a 
cordless configuration without a remote unit; 

Figure 2 is a perspective view of the device; 
Figure 3 is a cross sectional view of the housing of 
10 the device as seen along the line 3-3 in Figure 2; 

Figure 4 is a perspective view of an optical system 
for focusing light; 

Figure 5 is a perspective view of the optical system 
of the present invention forming a positive photographic 
15 image; 

Figure 6 is a perspective view of the optical system 
of the present invention with the negative filter 
established for operational use with a high intensity light 
source; 

20 Figure 7 is a schematic diagram of the operative, 

components of the present invention for an embodiment which 
incorporates a voltage source to erase an image recording 
medium; 

Figure 8 is a schematic diagram of the operative 
25 components of the present invention for another embodiment 
which incorporates a tertiary light source to erase an 
image recording medium; and 

Figure 9 is a schematic diagram of the operative 
components of the present invention for still another 
3 0 embodiment which incorporates an image processor. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring initially to Figure 1A, a device for 
photoablating an object is shown in an intended environment 
and is generally designated 10. As shown in Figure 1A, the 
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device 10 is being used to shave facial hair. This 
application, however, is not limiting. 

In Figure 1A, the device 10 is shown to include a 
razor 12 which is operatively connected by a cable 14 to a 
5 remote unit 16. Further, it can be seen that the remote 
unit 16 is formed with a cradle 18 which is formed to 
receive and hold the razor 12 when the razor 12 is not in 
use. With this device 10, a user 20 can remove the razor 
12 from the cradle 18 of remote unit 16, and activate the 

10 unit 16 to shave hair from a body surface. In an alternate 
preferred embodiment of the present invention, as shown in 
figure IB, the device 10 is shown in a cordless 
configuration. In this alternate embodiment, the cable 14 
and remote unit 16 are eliminated and instead, all 

15 operative components of the device 10 are housed in the 
razor 12. 

A more detailed view of the razor 12 of device 10 is 
presented in Figures 2 and 3. In Figure 2, specifically, 
it is shown that the razor 12 comprises a housing 22 and a 

20 handle 24 which is integrally attached to the housing 22. 
Although housing 22 is integral with the handle 24 for the 
embodiment shown in Figures 1-3, it will be appreciated 
that several forms of attachment between the housing 22 and 
the handle 24 can be established for the purposes of the 

25 present invention. Further, in Figures 1 and 2 the cable 
14 is shown to extend from the handle 24. Again, there can 
be several ways in which razor 12 is connected with the 
remote unit 16. Importantly, Figures 2 and 3 also show that 
the housing 22 is formed with an aperture 26 that is both 

30 long and narrow. Stated differently, the aperture 26 is 
formed as a slit which has great width and very little 
height. 

The relationship between the housing 22 of razor 12 
and the operative optical elements of the device 10 are, 
35 perhaps, best shown in Figure 3. There it will be seen 
that the housing 22 is formed with an aperture 26 at its 
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front, and that a negative filter element 28 is positioned 
near the rear of the housing 22. As indicated in Figure 3, 
a series of lenses are positioned in the housing 22 for the 
* purpose of transferring light between the aperture 26 and 

5 the negative filter 28, Specifically, this series of 
lenses includes, in sequence from the aperture 26 to the 
negative filter 28, a cylindrical lens 30, a relay lens 32 
and a cylindrical lens 34. Together, the lenses 30, 32 and 
34 comprise the optical system 36 of the device 10. A 

10 preferred configuration for this optical system 36 for the 
device 10 is best seen in Figures 5 and 6. When 
considering this configuration, it is to be appreciated 
that the relay lenses 32 can be positioned in any 
convenient arrangement which will effectively transfer 

15 light between the cylindrical lenses 30 and 34. For 
example, instead of positioning the negative filter 28 in 
the housing 22 of razor 12, it is conceivable that the 
negative filter 28 be positioned in the remote unit 16 of 
the device 10. The determining element in each case will 

20 be the configuration and composition of the relay lens 32. 
Regardless of the particular configuration for the relay 
lens 32, it is important for the operation of the device 10 
that the optical system 36 be configured so that its object 
plane is coincident with the aperture 26 and its image 

25 plane is coincident with the negative filter 28. 

Figure 4 illustrates a typical lens configuration 
whereby high intensity light, such as a laser, can be 
focused for the purpose of photoablating an object. For 
this illustrated configuration the light is shown linearly 

30 focused. Specifically, a beam of high intensity light 38 
is first directed through a converging cylindrical lens 40. 
The converging cylindrical lens 40 then confines the beam 
38 onto a transfer element 42. As is well known in the 
art, this transfer element 42 can be any suitable 

35 structure, such as an optical fiber system, which is 
capable of effectively transferring light from one point to 
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another. For . the typical lens configuration being 
discussed, a dispersion lens 44 is shown to spread the 
light in beam 38 from the dispersion lens 44 and onto an 
elongated cylindrical lens 46. The cylindrical lens 46 
5 then linearly focuses the light to establish a cutting edge 
48. For such a configuration, it is possible to focus the 
high intensity light beam 38 such that the established 
cutting edge 48 is only approximately one to two microns in 
thickness (1-2 microns) , and has a depth of focus which is 

10 less than approximately one half millimeter (0.5 mm). For 
the purposes of the present invention, the optical system 
36 incorporates similar optics. 

Importantly for the present invention, depending on 
the direction in which light traverses the optical system 

15 36, the system 36 linearly focuses light on either the 
object plane at the aperture 26, or on the image plane at 
the negative filter 28. In order to do this, the 
cylindrical lenses 30 and 34 are located at the opposite 
ends of the optical system 36, as shown in Figures 5 and 6. 

20 As indicated above, the relay lenses 32a,b can be of any 
type well known in the art . 

With a configuration as shown for the optical system 
36 in the Figures 5 and 6, whenever aperture 26 is 
positioned against objects 50 a,b and c (for example, hair) 

25 the objects 50 a,b and c are framed by the aperture 26. 
This framing creates a picture which includes the objects 
50 a,b and c, as well as the spaces 52 a,b,c and d that 
appear around the objects 50. This picture is then 
transferred through optical system 36 by light 54 to be 

30 recomposed on the image plane of optical system 3 6 at 
negative filter 28. As will be appreciated by the skilled 
artisan, a negative of the picture, as framed at the 
aperture 26, will invert the dark and the light portions of 
the picture to make the picture appear as shown at the 

35 negative filter 28' in Figure 6. More specifically, 
objects 50 a, b and c which appear dark in aperture 26 will 
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appear as light objects 50 a f ,b' and c 1 at the negative 
filter 28'. Conversely, the light spaces 52 a,b,c and d 
which appear at aperture 26 will appear as dark spaces 52 
a 1 , b 1 , c 1 and d 1 at the negative f ilter 28 1 . The 
5 transformation of negative filter 28 into a negative of the 
picture of the objects 50 a,b and c framed by aperture 26 
can be accomplished by components known in the art, in a 
manner to be subsequently discussed. Suffice for the 
moment that the negative filter 28 1 can be created by the 
10 light 54 reflected from aperture 26 through the optical 
system 36. 

Once the negative filter 28 1 has been established in 
response to the reflected light 54 , high intensity light 56 
can be directed through the filter 28 1 and focused by the 

15 cylindrical lens 30 of optical system 36 onto the objects 
50 a,b and c. Importantly, due to the filtering effect 
which the negative filter 28 1 has on light 56, the light 56 
will be blocked from passing through the spaces 52 a,b, c 
and d at aperture 26 and will be focused on only the 

20 objects 50 a,b and c. Consequently, when light 56 is 
focused in a manner as discussed above with reference to 
Figure 4, and depending on the wavelength of the light 56 
and its ability to interact with the material of which the 
objects 50 a,b and c are composed, the objects 50 a,b and 

25 c will be photoablated. 

Several structural embodiments for establishing the 
negative filter 28' and for directing high intensity light 
56 onto the objects 50 a,b and c to be photoablated are 
contemplated for the device 10. For example, Figure 7 

30 shows the schematic of an embodiment for device 10 wherein 
the filter 28 includes an image recording medium that is 
responsive to light 54 to create the negative filter 28'. 
Several media, such as a liquid crystal or solid crystal 
display of any type well known in the pertinent art, can be 

35 used for this purpose. Indeed, any reversible and erasable 
crystalline recording medium can be used for this purpose . 
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For the particular embodiment shown in Figure 7 a high 
intensity light source 58 is provided as well as a 
secondary light source 60 and a voltage source 62. Also 
included is a beam splitter 64 which, as shown in Figure 7, 
can be incorporated into the structure of the optical 
system 36 in a manner well known in the pertinent art. 

In the operation of the structural embodiment shown in 
Figure 7, light from the secondary light source 60, is 
directed along a light path 66 toward the beam splitter 64 
where it is directed onto the optical axis 68 of the 
optical system 36 and toward the aperture 26. This light 
is then reflected from objects 50 a,b,c and aperture 26 as 
the light beam 54. For purposes to be subsequently 
discussed, the beam of light 54 has a wavelength that is 
15 different from that of the high intensity light 56. 
Furthermore, the wavelength of the light 54 must be 
properly selected to be capable of creating a negative at 

the filter 28'. 

After filter 28' has been established by the light 
beam 54 which originated at secondary light source 60, the 
high intensity light source 58 is activated. With the 
activation of high intensity light source 58, high 
intensity light 56 is directed along a beam path 70 and 
through negative filter 28 '. After being filtered at the 
25 negative filter 28' the high intensity light is passed 
along the optical axis 68 of optical system 36 to be 
focused through aperture 26 and into the cutting edge 48. 
With aperture 26 adjacent the objects 50, only those parts 
of cutting edge 48 are activated with focused high 
30 intensity light that coincides with the objects 50 a, b and 
c. The objects 50 are thus photoablated. 

As shown in Figure 7, the voltage source 62 is 
connected via electrical conductor 72 with the negative 
filter 28. For this embodiment of the device 10, the 
35 voltage source 62 is appropriately activated to erase the 
negative filter 28 • after secondary light source 60 is 
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activated to establish the filter 28 1 and after high 
intensity light source 58 has used the negative filter 28' 
to direct high intensity light 56 onto only the objects 50. 
With the erasure of filter 28 1 the voltage source 62 
5 prepares filter 28 for the creation of a new negative 
filter 28 f . The new negative filter 28 1 will, of course, 
be characteristic of the new picture presented as aperture 
26 is placed adjacent new objects 50. As indicated, 
secondary light source 60, high intensity light source 58 

10 and voltage source 62 are each activated in the ordered 
sequence described above to photoablate the objects 50, 
The sequence can be repeated as necessary, and the time 
interval in each cycle during which high intensity light 
source 58 is activated is preferably less than ten 

15 milliseconds (10 msec) . 

For the embodiment of device 10 shown in Figure 7, 
both beam path 66 and beam path 70 can be made of an 
optical fiber system of any type well known in the 
pertinent art. Consequently, beam paths 66 and 70 can be 

20 combined with the electrical connector 72 as components of 
the cable 14 which connects remote unit 16 with razor 12. 
In this configuration, the high intensity light source 58, 
the secondary light source 60 and the voltage source 62 can 
be mounted in the remote unit 16. Of course, for the 

25 alternate embodiment of device 10 shown in Figure IB, the 
same optical fiber system can be used with the high 
intensity light source 58, the secondary light source 60 
and the voltage source 62 mounted on razor 12. This 
embodiment thus eliminates the need for cable 14 and remote 

30 unit 16. Indeed, as indicated above, the operative 
elements in each of the various embodiments for the device 
10 can be mounted on razor 12. 

In another embodiment of the present invention, as 
shown in Figure 8, a combined light source 74 is used which 

35 includes the high intensity light source 58 in combination 
with a tertiary light source. Again, an image recording 
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medium, such as the filter 28 is used. Also, the secondary 
light source 60 is still included, and it performs 
substantially the same function in substantially the same 
way as disclosed for the secondary light source 60 in 
5 Figure 7. The voltage source 62, however, is eliminated, 
instead, the tertiary light source of combined light source 
74 is used to erase the negative 28' to prepare filter 28 
for the creation of a new negative filter 28'. 
Necessarily, the wavelength of light from the tertiary 

10 source must be different from the wavelengths of the light 
from both the secondary source 60 and the high intensity 
light source 58. Furthermore, while light from secondary 
source 60 must be capable of converting filter 28 into 
filter 28 ' , light from the tertiary source must be capable 

15 of erasing the filter 28* and converting it back into the 
filter 28. 

In the operation of the embodiment for device 10 as 
shown in Figure 8, the secondary light source 60 is 
activated to direct light 54 along the optical axis 68 to 

20 establish negative filter 28 ' . High intensity light source 
58 is then activated to direct the light beam 56 through 
the negative filter 28" and along optical axis 68 to be 
focused through aperture 26 onto cutting edge 48. Thus, 
only beams of light 56 which have passed through negative 

25 filter 28 « , and which therefore correspond with objects 50, 
will be focused onto cutting edge 48 to photoablate the 
objects 50. The tertiary light source is then activated to 
erase the filter 28' and the sequence is repeated as 
necessary. Preferably, the time interval during which high 

30 intensity light source 58 is activated during any one cycle 
of the sequence will be less than ten milliseconds (10 
msec) . Additionally, as will be appreciated by the skilled 
artisan, the high intensity light source 58 and the 
tertiary light source can be separated, rather than being 

35 integrated into the combined light source 74. 
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Figure 9 shows yet another embodiment of the device 10 
wherein the filter 28 comprises an image processor, such as 
a charge couple device well known in the pertinent art. 
For this embodiment, a microprocessor 76 is electrically 
5 connected to both the image processor of filter 28 via an 
electrical connection 78 and to a combined light source 80. 
In this instance, the combined light source 80 includes 
both the high intensity light source 58 and the secondary 
light source 60. Light from the combined light source 80 

10 is directed onto the optical axis 68 of optical system 36 
via optical path 82 and a beam splitter 84. 

In the operation of the embodiment shown in Figure 9, 
the combined light source 8 0 is energized to first activate 
the secondary light source 60. As disclosed above, light 

15 54 from the secondary light source 60 establishes the 
negative filter 28'. The image processor of filter 28 then 
creates electrical signals that are representative of the 
negative filter 28' which corresponds to a picture of 
objects 50 framed by the aperture 26. Next, these signals 

20 are processed by the microprocessor 76 which, in turn, 
activates the high intensity light source 58. The 
resultant beam of high intensity light 56 from the combined 
light source 80 is configured to correspond with negative 
filter 28 1 and is passed through the optical system 36 to 

25 be focused onto cutting edge 48. Consequently, because the 
light 56 is configured to correspond .with negative filter 
28', the light 56 is focused on cutting edger 48 only where 
there are objects 50 

In the operation of the embodiment shown in Figure 9, 

30 the high intensity light source 58 and the secondary light 
source of combined light source 80 are alternatingly 
activated by the microprocessor 76. Specifically, after 
secondary light source 60 has been activated to create the 
negative filter 28 ■ , the high intensity light source 58 is 

35 activated to generate a light beam 56 which corresponds 
with the negative filter 28'. With the light beam 56 the 
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objects 50 are photoablated. As implied, this sequence 
can be repeated as necessary or desired. Preferably, the 
time interval in each sequence during which high intensity 
light source 58 is activated is, as with the other 
5 embodiments disclosed above, less than ten milliseconds in 
duration (10 msec) . Further, it will be appreciated by the 
skilled artisan that high intensity light source 58 and 
secondary light source 60 need not be combined into 
combined light source 80 but can, instead, be separated as 
10 desired. 

While the particular device for photoablating objects 
as herein shown and disclosed in detail is fully capable of 
obtaining the objects and providing the advantages herein 
before stated, it is to be understood that it is merely 
15 illustrative of the presently preferred embodiments of the 
invention and that no limitations are intended to the 
details of the construction or design herein shown other 
than as defined in the appended claims. 
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I claim: 

1. A device for photoablating an object which 
comprises: 

a high intensity light source (58); 
means for framing said object (26) ; 
means for creating a negative of said framed 
object (28) ; 

means for using said negative to filter light 
from said high intensity light source; and 

means for directing said filtered light onto said 
object to photoablate said object (36). 

2. A device as recited in claim 1 further comprising 
an optical system (3 6) positioned between said framed 
object (50) and said means for creating a negative (28) to 
present an image of said framed object at said means for 
creating a negative. 
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3. A device as recited in claim 2 wherein said 
negative creating means comprises: 

3 a secondary light source (60) for radiating light 

at a selected wavelength, said selected wavelength 
being different from the wavelengths of said high 

6 intensity light; 

an image recording medium (28) responsive to 
light of said selected wavelength, radiated from said 

9 secondary source and reflected from said framed object 

(50) through said optical system (36) , to create said 
negative according to said image; and 
12 means for erasing said negative (62) from said 

image recording medium. 

4. A device as recited in claim 3 wherein said image 
recording medium is a liquid crystal element. 

5. A device as recited in claim 3 wherein said means 
for erasing said negative is a voltage source electrically 

3 connected with said image recording medium. 

6. A device as recited in claim 3 wherein said means 
for erasing .said negative is a tertiary light source for 

3 irradiating said negative with light of suitable wavelength 
and intensity to erase said negative. 

7. A device as recited in claim 3 further comprising 
means (76) for selectively activating said high intensity 

3 light source during a time interval when said image 
recording medium establishes said negative. 

8. A device as recited in claim 7 wherein said time 
interval is less than approximately ten milliseconds (10 

3 msec) . 
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9. A device as recited in claim 2 wherein said 
negative creating means comprises: 

3 a secondary light source (60) for radiating light 

at a selected wavelength, said selected wavelength 
being different from the wavelengths of said high 
6 intensity light; 

an image processor (76) responsive to light of 
said selected wavelength, radiated from said secondary 
9 source and reflected from said framed object through 

said optical system (36) , to create a signal 
representative of said negative according to said 
12 image; and 

means for activating said high intensity source, 
said activating means being connected between said 
15 image processor and said high intensity light source, 

to radiate high intensity light from said high 
intensity light source according to said signal. 

10. A device as recited in claim 9 wherein said high 
intensity light source is pulse activated to sequentially 

3 radiate high intensity light during predetermined time 
intervals . 

11. A device as recited in claim 2 further comprising 
a housing (22); a handle (24) attached to said housing (22) 

3 for manipulating said housing; and wherein said framing 
means is an aperture (26) mounted on said housing. 

12. A device as recited in claim 11 wherein said 
optical system includes an optical fiber system to 

3 optically couple said aperture with said negative creating 

#.-"--„■ - 

means. 

13. A device as recited in claim 12 wherein said 
object- is body hair. 
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14. A device as recited in claim 1 wherein said high 
intensity light source is a source of laser light. 

15. A device for photoablating an object (50) which 
comprises: 

3 a high intensity light source (58) ; 

an aperture (26) positionable against said object 
to establish a picture of said aperture and said 

6 object; 

a filter (28) , with means for establishing said 
filter as a substantial equivalent to a negative of 

9 said picture; and 

means (36) for directing light from said high 
intensity light source, and through said filter, onto 
12 said object to photoablate said object. 

16. A device as recited in claim 15 wherein said 
directing means includes an optical system positioned 

3 between said object and said filter to present an image of 
said picture at said filter. 

17. A device as recited in claim 16 wherein said 
means for establishing said filter as a negative of said 

3 picture comprises a secondary light source (60) for 
radiating light at a selected wavelength, said selected 
wavelength being different from the wavelength of said 

6 laser light; and wherein said filter (28) includes is an 
image recording medium responsive to light of said selected 
wavelength to create said negative according to said 

9 picture. 

18. A device as recited in claim 17 further 
comprising a voltage source (62) and wherein said filter 

3 (28) is connected to said voltage source (62) to 
selectively erase said negative from said image recording 
medium. 
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19. A device as recited in claim 17 further 
comprising a tertiary light source (8 0) and wherein said 

3 tertiary light source is positioned for irradiating said 
negative with light of suitable wavelength and intensity to 
erase said negative from said image recording medium. 

20. A device as recited in claim 17 wherein said 
image recording medium is a liquid crystal element and said 

3 device further comprises means for selectively activating 
said laser source during a time interval less than 
approximately ten milliseconds (10 msec) while said liquid 

6 crystal element creates said negative. 

21. A device as recited in claim 17 wherein s;aid 
image recording medium is a reversible and erasable 

3 crystalline recording medium and said device further 
comprises means for selectively activating said laser 
source during a time interval less than approximately ten 

6 milliseconds (10 msec) while said liquid crystal element 
creates said negative. 
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22. A device as recited in claim 16 wherein said 
means for establishing said filter as a negative of said 

3 picture comprises: 

a secondary light source (60) for radiating light 
at a selected wavelength, said selected wavelength 
6 being different from the wavelength of said high 

intensity light; 

an image processor (76) responsive to light of 
9 said selected wavelength, radiated from said secondary 

source and reflected as said picture through said 
optical system, to create a signal representative of 
12 said picture; and 

means for activating said high intensity light 
source, said activating means being connected between 
15 said image processor and said high intensity light 

source, to radiate high intensity light from said high 
intensity light source according to said signal. 

23. A device as recited in claim 22 wherein said high 
intensity light source is a laser source and is pulse 

3 activated to seguentially radiate laser light during 
predetermined time intervals. 
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24. A method for photoablating an object which 
comprises the steps of: 

3 providing a device comprising a high intensity 

source (58) ; a secondary light source (60) for 
radiating light at a selected wavelength, said 
6 selected wavelength being different from the 

wavelength of said laser light; an aperture (26) 
posit ionable against said object to establish a 
9 picture of said aperture and said object; a filter 

(28), with means for establishing said filter as a 
substantial equivalent to a negative of said picture; 
12 and means (3 6) for directing light from said high 

intensity light source, and through said filter, onto 
said object to photoablate said object; 
15 positioning said aperture against said object; 

activating said secondary light source to 
establish said filter as a negative of said picture; 
18 and 

activating said high intensity light source to 
direct light therefrom through said filter to 
21 photoablate said object. 

25. A method as recited in claim 24 wherein said 
means for establishing said filter includes an image 

3 recording medium (76) responsive to light of said selected 
wavelength to create said negative according to said 
picture, and an erasing means (62) connected to said image 

6 recording medium to selectively erase said negative from 
said medium, and wherein said method further comprises the 
step of sequentially cycling the steps of Activating said 

9 m secondary light source, Activating said high intensity 
light source, and Erasing said negative from said image 
recording medium. 
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26. A method as recited in claim 24 wherein said 
means for establishing said filter includes an image 

3 processor responsive to light of said selected wavelength 
to create a signal representative of said picture, and 
means for activating said high intensity light source, said 

6 activating means being connected between said image 
processor and said high intensity light source, to radiate 
high intensity light from said high intensity light source 

9 according to said signal, and wherein said method further 
comprises the step of alternatingly activation said 
secondary light source and said high intensity light 
12 source. 

27 . A method as recited in claim 24 wherein said high 
intensity light source is a source of laser light. 
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the area having a plurality of irradiation zones; the laser source is successively pulsed so as to irradiate successive zones of the treatment 
area with the radiation, so as to destroy subdermal biological material associated with hair growth. 
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Depilation 

The present invention is concerned with a method of depilation of mammalian 
hair and also apparatus for use in the method. 

U.S. Patents 3538919 and 4617926 are both concerned with depilation. These 
patents teach the stepwise irradiation of single hairs or hair follicles; the process described 
in U.S. 3538919 involves inserting a laser probe within a hair follicle and the process 
described in U.S. 4617926 involves inserting a single hair within a bore of a fibre optic 
probe. These processes are time consuming, and can lead to unnecessary discomfort to a 
patient. 

We have now developed a method and apparatus which alleviates the above 

problems. 

According to the present invention there is provided a method of depilation of 
mammalian hair, which method comprises: 

(a) providing a laser source capable of emitting pulsed radiation, each pulse having a 
duration of l^s to 1ms, said radiation having a wavelength in the range of 600 to 1500nm; 

(b) selecting a treatment area of a patient's skin to be irradiated by said pulsed radiation, 
said treatment area including a plurality of irradiation zones; and 

(c) successively pulsing said laser source so as to irradiate successive zones of said 
treatment area with said radiation, so as to destroy subdermal biological material associated 
with hair growth. 

It is preferred that the laser source comprises either a ruby laser (wavelength 
694. 3nm), a neodymium YAG laser (wavelength 1.064pm) or other lasers having a 
wavelength in the abovementioned (visible red to near infra-red) range. The selection of a 
laser having a wavelength in the range of 600 to 1500nm is advantageous in that radiation 
of this wavelength is capable of selectively destroying cells or other subdermal biological 
material responsible for hair growth, whilst not being substantially absorbed by surrounding 
cells or tissue. 
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It is preferred that a laser with variable pulse duration is used. This is 
advantageous in facilitating irradiation of selected intensity, depending on the required 
application of the laser. 

Advantageously, the irradiation zones are juxtaposed so as to substantially 
cover the treatment area. Preferably the successive irradiation involves irradiation in 
boustrophedon manner, so as to ensure substantially complete irradiation of the treatment 
area. 

It is preferred that the irradiation destroys cells present at the root of individual 
hair follicles; optionally, the irradiation may further destroy cells present in respective bulge 
regions of follicles. 

There is further provided by the present invention depilation apparatus for use 
in a method as described above, the apparatus comprising: 

(a) a laser source capable of emitting pulsed radiation, wherein each pulse has a duration 
of 1/xs to 1ms, the radiation having a wavelength in the range of 600-1500nm; and 

(b) means for irradiating a zone of a patient's skin with said radiation, so as to be capable 
of destroying biological material present in said irradiation zone, associated with hair growth. 

The apparatus may advantageously further comprise means for effecting 
irradiation of successive zones of the patient's skin. Typically, means are provided for 
effecting movement of the apparatus relative to the patient's skin so as to irradiate the skin 
in a boustrophedon manner substantially as described above. 
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Claims : 

1. A method of depilation of mammalian hair, which method comprises: 

(a) providing a laser source capable of emitting pulsed radiation, each pulse 
having a duration of l/*s to 1ms, said radiation having a wavelength in the 
range of 600 to 1500nm; 

(b) selecting a treatment area of a patient's skin to be irradiated by said pulsed 
radiation, said treatment area including a plurality of irradiation zones; and 

(c) successively pulsing said laser source so as to irradiate successive zones of 
said treatment area with said radiation, so as to destroy subdermal biological 
material associated with hair growth. 

2. A method according to claim 1, wherein said laser source comprises a ruby laser 
having a wavelength of 694. 3nm or a neodymium YAG laser having a wavelength of 
1.064ftm. 

3. A method according to claim 1 or 2, wherein said laser source has a variable pulse 
duration. 

4. A method according to any of claims 1 to 3, wherein said irradiation zones are 
juxtaposed so as to substantially cover said treatment area. 

5. A method according to any of claims 1 to 4, wherein said successive irradiation of 
said treatment area is in boustrophedon manner, so as to ensure substantially complete 
irradiation of said treatment area. 

6. Depilation apparatus for use in a method according to any of claims 1 to 5, said 
apparatus comprising: 

(a) a laser source capable of emitting pulsed radiation, wherein each pulse has a 
duration of l/*s to 1ms, the radiation having a wavelength in the range of 600- 
1500nm; and 

(b) means for irradiating a zone of a patient's skin with said radiation, so as to 
be capable of destroying biological material present in said irradiation zone, 
associated with hair growth. 
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7. Apparatus according to claim 6, which further comprises means for effecting 
irradiation of successive zones of a patient's skin. 

8. Apparatus according to claim 6 or 7, which includes means for effecting movement 
of said apparatus relative to said patient's skin so as to irradiate said skin in a 
boustrophedon manner. 
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(54) Title: IRRADIANCE ATTACHMENT FOR AN OPTICAL FIBER TO PROVIDE A UNIFORM LEVEL OF ILLUMINATION 
ACROSS A PLANE 




(57) Abstract 

An irradiation attachment for an optical fiber (4) which provides an output of light that has a highly uniform intensity. The device 
includes a hollow spherical shell (1) having a diffusive reflective surface or target (11) supported (12) therein. Light is directed into the 
hollow spherical shell (1) so that it reflects off the diffusive reflective surface or target (11). The reflected light is internally reflected off 
the inner surface of the hollow spherical shell (1) several times before passing through an output aperture (8). As a result of the internal 
reflection within the hollow spherical shell (1), the light leaving the device has a highly uniform intensity. The device is particularly useful 
for photodynamic therapy. 
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IRRADIANCE ATTACHMENT FOR AN OPTICAL FIBER TO PROVIDE 
A UNIFORM LEVEL OF ILLUMINATION ACROSS A PLANE 



Technical Field 

The present invention relates to photodynamic 
therapy methods and devices. More particularly, the 
present invention is directed to devices which provide 
5 and deliver a highly uniform irradiation beam which is 

particularly suitable for photodynamic therapy. 

Background Art 

Photodynamic therapy (PDT) exploits the selective 
uptake of a photosensitizer in tumors and othe: ' 

10 hyperprol iterative target tissues. Since the differenc 

between target tissue uptake of photosensitizer and that 
of normal tissue is at best only marginal, uniform 
delivery of light is crucial to attain optimal 
photodynamic effect. Some degree of selectively may be 

15 achieved by simply aiming the light beam at the desired 

target tissue, but to truly offer selectively of action 
on target tissue versus adjacent or intermixed normal 
tissue, selective uptake of dye into target tissue and 
uniform delivery of light is required. Variations in 

20 applied light intensity may result in certain areas 

within a treatment field receiving over or under dosing. 
Thus, tumor tissue may be inadvertently spared 
destruction if present in an area of under treatment, 
while normal tissue may be destroyed if light intensity 

25 is focally increased in a certain area. 

Clinical applications of PDT have used free optical 
fibers as well as diffusing lenses to administer laser 
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light to treatment areas. Light delivery is usually 
accomplished with an argon-pumped dye laser using a 
single wavelength of light. This allows for easy 
calculation of delivered light dose and an estimate of 
photodynamic effect. 

The selective uptake of dihematoporphyrum ether 
(DHE) and other photosensitizers within tumors, or other 
rapidly proliferating tissues, is the basis for most of 
the therapeutic benefit of PDT. Although photodynamic 
effect may be directed to specific areas by selective 
placement of the treatment beam, this affords little 
benefit in treating most diseases over other descriptive 
modalities. Selective destruction of target tissue over 
adjacent, or even intermixed, normal tissue depends upon 
.5 selective uptake of photosensitizer in target tissue as 

compared to normal tissue. This has been shown to occur 
with numerous tumors and other proliferative disorders in 
vivo, with a variety of photosensitizers. Relative 
differences in the uptake of DHE into target tissue 
0 versus skin, have been shown to be 1.08, 1.8, 2.2, 3.9 

and 4.2 in various animal models. Although newer 
photosensitizers such as the phthalocyanines and 5-ALA- 
induced protoporphyrin IX may result in even higher 
relative differences in photosensitizer uptake in target 
tissue, normal tissues still retain significant amount of 
photosensitizer in most cases. 

Tissue DHE content is a function of the administered 
DHE and its degree of retention within various tissues. 
Because differences between target tissue DHE content and 
normal structures is relative and not absolute, uniform 
light delivery is imperative to ensure destruction of 
tumors while sparing normal healthy tissue. 
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Disclosure of the Invention 

It is accordingly one object of the present 
invention to provide device for producing and delivering 
a highly uniform irradiation beam of light. 
5 Another object of the present invention is to 

provide a light delivery device which is particularly 
useful for photodynamic therapy. 

It is a further object of the present invention to 
provide a device which produces a beam of light which has 
10 a highly uniform illumination throughout the entire field 

thereof . 

A further object of the present invention is to 
produce a photodynamic light delivery device which can be 
in direct contact with a target situs during use. 
15 A still further object of the present invention is 

to provide a method of photodynamic therapy wherein a 
light delivery device which produces a highly uniform 
beam of light is in direct contact with a target situs 
during use. 

20 According to these and further objects of the 

present invention which will become apparent as the 
description thereof proceeds, the present invention 
provides a light delivery device which includes: 

a hollow spherical shell which defines a cavity 

25 therein and includes a diffusive reflective inner 

surface; 

an input aperture formed within the hollow spherical 
shell for passing a beam of light into the cavity; 

a diffusive reflective surface within the cavity 
3 0 which is supported away from the inner surface of the 

hollow spherical shell and aligned with the input 
aperture, whereby light which passes through the input 
aperture into the cavity is reflected off the diffusive 
reflective surface before reaching the diffusive 
35 reflective inner surface of the spherical shell; and 
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an output aperture formed within the hollow 
spherical shell through which only light that is 
reflected off the diffusive reflective inner surface 
exits the hollow spherical shell. 

The present invention further provides a method of 
applying photodynamic therapy to a target situs which 
involves : 

a) providing light delivery device, the light 
delivery device including: 

a hollow spherical shell which defines a cavity 
therein and includes a diffusive reflective inner 
surface, 

an input aperture formed within the hollow spherical 
shell for passing a beam of light into the cavity, 

a diffusive reflective surface within the cavity 
which is supported away from the inner surface of the 
hollow spherical shell and aligned with the input 
aperture, whereby light which passes through the input 
aperture into the cavity is reflected off the diffusive 
reflective surface before reaching the diffusive 
reflective inner surface of the spherical shell, and 

an output aperture formed within the hollow 
spherical shell through which only light that is 
reflected off the diffusive reflective inner surface 
exits the hollow spherical shell; 

b) positioning the output aperture of the light 
delivery device near a target situs; and 

c) delivering light into the light delivery device 
and therethrough to the target situs. 

Brief Description of Drawings 

The present invention will be described with 
reference to the attached drawings which are given by way 
of non-limiting examples only, in which: 
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Figure la is a schematic diagram of an integrating 
sphere according to the present invention. 

Figure lb is an exploded schematic diagram of the 
integrating sphere of Figure la. 
5 Figure 2 is a plot of the intensity output of a free 

cleaved optical fiber. 

Figi: e 3 is a plot of the intensity output of an 
optical f ..er having a diffusing lens on the end thereof. 

Figu - 4 is a plot of the intensity of the 
10 integrating sphere of the present invention mea ^red just 

outside tne aperture (closed circles) and just ;.nside the 
aperture (open circles) . 

Figure 5 shows eschars formed on guinea which 
were given photodynamic therapy utilizing a fre ptical 
15 fiber (top) and an integrating sphere according to the 

present invention (bottom) . 



Best Mode for Carrying out the Invention 

The present invention is directed to a device which 
allows for the delivery of a very uniform beam of laser 
light. The device, referred to herein as an integrating 
sphere because of its shape, provides exceptional uniform 
illumination as compared to light output from a diffusing 
lens and a free optical fiber. The integrating sphere of 
the present invention is also comparable to a free 
optical fiber in its ability to produce a uniform eschar 
on the skin of guinea pigs given dihematoporphyrin ether 
(DHE) . Test results indicate that the integrating sphere 
of the present invention can allow f^ optimization of 
desired effects of PDT, while significantly decreasing 
over or under dosing problems associated with 
inhomogeneity of the treatment beam. 

The integrating sphere of the present invention 
provides a simple means of delivering a highly uniform 
beam of light for use with experimental or clinical PDT. 
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Since, in use, the. sphere is placed directly against the 
tissue to be treated, possible errors in beam height due 
to patient movement are virtually eliminated. The 
present invention further decreases problems associated 
with shielding, while allowing quick and easy application 
of light by simply applying the device over the desired 
treatment area. Moreover, the desired photodynamic 
effect is optimized because of the highly uniform beam of 
light produced by the device. 

The integrating sphere of the present invention 
includes a handle and a hollow sphere attached to the 
handle. The handle receives an optical fiber through 
which laser light is directed into the inside of the 
hollow sphere. The light enters the hollow sphere and is 
15 diffused by and reflected off of a reflector or target 

supported in the hollow sphere. The reflected light is 
then internally reflected numerous times off of the inner 
surface of the hollow sphere which is provided with a 
diffusive reflective coating. After internally 

20 reflecting within the hollow sphere, the light emerges 

through an aperture formed within the wall of the hollow 
sphere. The emerging light has high degree of field 
uniformity resulting from the internal reflection within 
the hollow sphere. 
25 Tests conducted during the course of the present 

invention have demonstrated that significant variability 
in light beam homogeneity may exist with some light 
delivery systems which are presently being used to 
administer PDT. Although such delivery systems may be 
30 manipulated by changing optical fiber orientation and 

laser output to attain a more uniform light beam, these 
manipulations are not consistent. In addition, 

undesirable changes in light uniformity may occur with 
movement of optical fibers or changes in laser output 
35 characteristics. The integrating sphere of the present 
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invention delivers a uniform beam of light in spite of 
variabilities in laser output characteristics or changes 
in laser optical fiber position. In the integrating 
sphere of the present invention, only the light intensity 
5 would change if the output of the laser varied during 

treatment . 

Figure la is a schematic diagram of an integrating 
sphere according to the present invention. As shown in 
Fig. la the device includes a spherical shell 1, a handle 

10 2 , a optical fiber support 3 , and a optical fiber 4 . 

The spherical shell 1 has a diffusive reflective inner 
surface and is preferably made from two half shells (Fig. 
lb) , which define spherical cavity 5 when attach 
together. Figure lb is an exploded schematic diagram of 

15 the integrating sphere of Figure la. As shown in Figure 

lb, the two halves 7a and 7b of the spherical shell 1 are 
preferably held together by cooperating internal and 
external threaded portions 6a and 6b which are shown in 
Fig. 2b. In an alternative embodiment, the spherical 

20 shell halves can include flanges in place of the threaded 

portions 6a and 6b which can be secured together by 
mechanical fasteners, e.g., screws, bolts, clips, etc. 
In a further embodiment the threaded portions 6a and 6b 
could be replaced by a bayonet mounting structure. The 

25 two half shells 7a and 7b should be made from a solid 

material which is sufficiently heat resistant. Metals 
are preferred. Aluminum is more preferred because of its 
light weight. 

The ability to separate the shell halves 7a and 7b 

3 0 from each other allows for easy cleaning or repair should 

this be necessary. The distal hemisphere (shell half 7b) 
of the spherical shell 1 includes an output port 8 
through which a treatment beam exits. The output port 
aperture may be covered with a transparent, e.g., glass, 

35 window to prevent dust from entering the spherical cavity 
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5. The diameter of the output port 8 can be as large as 
the diameter of the spherical shell 1, or as small as 
desired for a particular application. The shape of the 
output port need not be circular. However, a circular 

5 output port is suitable for general application. The 

proximal hemisphere (shell half 7b) is attached to a 
hollow handle 2 . The hollow handle 2 is preferably made 
from a material which is sufficiently heat resistant. 
Metals are preferred. Aluminum is more preferred because 

0 of its light weight. The proximal hemisphere can be 

attached to the handle 2 by welding, cementing, epoxying, 
mechanical means, e.g, threaded connection, or any other 
suitable means. 

At the center of the area of the spherical shell 1 

5 where the handle 2 is attached there is a small aperture 

10. As discussed in more detail below, the aperture 10 
allows light to enter the spherical cavity 5. 

A reflector or target 11 is located within the 
spherical cavity 5 and aligned with the aperture 10. The 

0 reflector or target 11 is supported away from the 

aperture 10 by a plurality of supports or stand-offs 12. 
The reflector or target 11 has a diffusive reflective 
surface which faces the aperture 10. The diffusive 
reflective surface of the reflector on target 11 can be 

5 planar, or convex. The distance between the aperture 10 

and the reflector or target 11 should be adjusted so that 
the light entering the spherical shell 1 undergoes a 
maximum amount of internal reflection. Generally it has 
been found that the distance between the aperture 10 and 

0 reflector or target 11 should be between about one to 

one -sixth the radius of the spherical shell 1 for a 
planar diffusive reflective surface and less, e.g. one- 
tenth to one-half the radius of the spherical shell 1 for 
a convex diffusive reflective surface. It is to be 

5 understood that the reflector or target 11 should be 
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appropriately sized and positioned so as to prevent 
(i.e., block) light delivered by optical fiber 4 from 
passing directly through the output port 8. According to 
a preferred embodiment, the reflector or target 11 is 
5 circular. 

A optical fiber support 3 is attached to the 
proximal end of the handle 2. The optical fiber support 
3 acts as a connector for optical fiber 4 which is 
received in and supported by the optical fiber support 3. 

10 The optical fiber support 3 includes a through-bore 

having a gasket or bushing 13 therein, e.g., an O-ring, 
into which an end of the optical fiber 4 can be inserted. 
Additional gaskets or bushings can be provided within the 
handle 2 to receive and support the optical fiber 4 dn 

15 proper alignment. The optical fiber support 3 can be 

attached to the end of the handle 2 by welding, 
cementing, epoxying, mechanical means, e.g., threaded 
connection, press fit, or any other suitable means. The 
optical fiber support 3 can be made from any material 

20 which is mechanically strong and has a sufficient heat 

resistance. Metals are preferred. Aluminum is more 
preferred because of its light weight. 

In a preferred embodiment, the optical fiber 4 is 
held by the optical fiber support 3 so that an end 

25 thereof is positioned about half-way between the 

reflector or target 11 and the wall of the spherical 
shell 1. The entire inside of the spherical shell 1, the 
stand-offs 12 and reflector or target 11 are all coated 
with a diffusive reflective coating. Such a diffusive 

3 0 reflective coating can be applied by any convenient 

means . According to one embodiment of the present 
invention, the diffusive reflective coating was applied 
using an air-brush technique . A preferred diffusive 
reflective coating found to be useful for purposes of the 

35 present invention was a Kodak analytic standard white 
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diffusive reflective coating in an ethanol base (Eastman 
Kodak Co., Rochester, NY) . However, any known diffusive 
reflective coating material could be used according to 
the present invention. 

All light coming from the integrating sphere's 
aperture 10 is internally reflected. In use the output 
port 8 (or window 9 of the integrating) sphere can be 
placed flush in contact with a target tissue. This 
eliminates shielding so that only the center of a beam of 
light is used. 

According to the present invention the size of the 
spherical shell 1 and output port 8 can be chosen as 
appropriate to treat lesions of different sizes. In this 
regard, changing from one spherical shell size to another 
can be easily accomplished by providing a detachable 
connection between the proximal hemisphere (half shell 
7a) of the spherical shell 1 and the handle 2, e.g., a 
mechanical connection such as a threaded connection, a 
bayonet mounting structure, a luer lock structure, or the 
like'. 

Features and characteristics of the present 
invention will be illustrated by the following examples 
to which the present invention is not to be considered 
limited. In the examples and throughout percentages are 
by weight unless otherwise indicated. 

Example 1 

In this example, the uniformity of three different 
delivery devices was tested. Green 514 nm light was 
delivered using an argon laser (model PRT 100, Coherent 
Inc., Palo Alto, CA) coupled to a 600 micron, fused 
silica, flat end optical fiber (model PCS 600, Q.P.C., 
Inc., Plainfield, N.J.). Laser output was measured at 
the optical fiber tip using a power meter (model 210; 
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Coherent, Inc., Pal Alto, CA) resulting in a surface dose 
rate of 3 0 mW/cm 2 . 

The light was delivered by three methods: a non- 
optimized flat-end cleaved optical fiber, a non-optimized 
5 600 pirn microlens (Laser Therapeutics, Inc., Buelton, CA) , 

and an integrating sphere according to the present 
invention. Light was delivered in a 1 . 0 cm diameter 
circle in the first 2 cases . The integrating sphere used 
here had a circular aperture with a diameter of 1.0 cm, 

10 and delivered light to the test area when placed against 

the test site. 

Light output measurements were taken using a 
photodiode clamped in place on a movable vice grip. The 
vice was moved in 0.5 to 1.0 mm increments along the 

15 greatest diameter (1.0 cm) of the light field, for each 

of the three modes of light delivery used. The 
photodiode was connected to a computer based light 
monitoring system. The monitoring system produced 
numerical readouts of field uniformity for each of the 

20 three light delivery methods used. All readings were 

carried out within a few hours of each other in an 
identical fashion. Numerical results were plotted on a 
graph for comparison. Measurements were carried out for 
the integrating sphere just outside of the aperture for 

25 comparison with the other readings, and just inside the 

aperture to duplicate the actual treatment conditions in 
which the sphere is used. 

Figure 2 is a plot of the intensity output of a free 
cleaved optical fiber. As seen from Fig. 2, the light 

30 output across the 1.0 cm diameter circle produced by the 

free optical fiber varied significantly across the 
largest diameter of the field. Across the center 0.4 cm 
of the 1.0 cm beam, light intensity varied by as much as 
21%. 
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Figure 3 is a plot of the intensity output of an 
optical fiber having the diffusing lens on the end 
thereof. As seen in Fig. 3, the light output across the 
1.0 cm field produced by 600 jxm microlens also varied 
significantly across the largest diameter of the field. 
Across the center 0.4 cm, light intensity varied by more 
than 60%. 

Figure 4 is plot of the intensity of the integrating 
sphere of the present invention measured just outside the 
output port (closed circles) and just inside the output 
port (open circles) . As seen in Fig. 4, the integrating 
sphere delivered a highly uniform beam varying by only 4% 
across the center 0.4 cm of the light beam. When 
measuring light intensity just within the output port of 
the sphere, as would be the case when placing the sphere 
against target tissue, the beam intensity varied by less 
than 10% over the entire 1.0 cm diameter . Across the 
center 4 . 0 mm of this field, light intensity only varied 
by less than 2%. 

Example 2 

In this example, five adult Hartley albino guinea 
pigs (0.45-0.55 kg) were used for testing purposes. Hair 
removal was accomplished 24 hours after photosensitizer 
administration by shaving with animal clippers and 
subsequent application of a depilatory lotion which was 
allowed to dry for 15 minutes then was completely removed 
with warm water. Hair removal was complete with little 
or no erythema. Depilation was accomplished 24 hours 
prior to laser light treatments. Hair removal and light 
treatment were carried out after anesthesia with 
intraperitoneal ketamine hydrochloride (90 mg/kg) and 
xylazine (5 mg/kg) administered intraperitoneally . After 
photosensitizer administration and until the experiments 
were completed, guinea pigs were housed in reduced 
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lighting and shielded from direct light. Post treatment, 
guinea pigs were individually housed to prevent them from 
tampering with each other's treatment sites. 

Photof rin II® (Quadra Logics Technologies , 
5 Vancouver, British Columbia) brand of dihematoporphyrin 

ethers (DHE) , a purified product of hematoporphyrin 
derivative (HPD) , in an isotonic saline solution at a 
concentration of 2.5 mg/ml was used as the 
photosensitizer . Lyophilized DHE was kept in the dark at 
10 -70°C until just before use, and reconstituted with water 

resulting in an isotonic solution. DHE was administered 
intraperitoneally at 10 mg/kg two days before laser 
treatment . 

Treatment sites were located on the backs of all 

15 guinea pigs in two linear arrays of 3 sites. Each animal 

had a total of 6 sites treated, 3 on the left side and 3 
on the right . Skin surface temperature was monitored 
throughout treatment. Light doses of 10, 20, and 3 0 
J/cm 2 were delivered to all 3 guinea pigs. Each animal 

20 received 3 sites treated to the above doses with an open 

optical fiber on one side, and with the integrating 
sphere on the contralateral side. The experiment was 
repeated in triplicate. All treatment doses were 
delivered in anatomically identical locations on the left 

25 and right sides of each guinea pig After light 

administration treatment sites were lightly marked in 
indelible black ink. Two animals were not given 
photosensitizer, otherwise they were treated in an 
identical manner. 

3 0 Treatment sites were evaluated for eschar formation 

on day 7. This time period was determined to correspond 
to maximal visible damage. Lesions were only compared 
with those on a given animal to control for variation in 
absorption of HPD between animals. Treatment sites were 

35 photographed on day 7, with a ruler to allow 
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standardization of treatment sizes . Photographs were 
then placed in front of a video camera and digitized by 
a computer . Digitized images were then sub j ect to 
analysis of eschar size in treatment areas as computed 
5 using the digital imaging program. These values were 

compared to ideal area of illumination which were 1 cm 
circles in each case. Circles made by the free optical 
fiber were made to be exactly 1 cm in diameter by 
adjusting the treatment height of the optical fiber. The 

10 integrating sphere had an output port forming a circle 1 

cm in diameter, which was placed directly in contact with 
the skin of each guinea pigs. 

Area of eschar as calculated using a computer based 
graphics system are shown in Table 1. Eschars more 

15 closely corresponded with the size of the treatment field 

when using the integrating sphere than when using the 
free optical fiber. Eschar sizes were compared to an 
ideal 1.0 cm 2 circle, which has an area of 0.785 cm 2 . 
Treatment sites varied from the ideal circle by an 

20 average of only 12.8% when treated with the integrating 

sphere, versus 4 0.7% with the free optical fiber. Small 
eschars were produced centrally by the free optical fiber 
at a light dose of 10J/cm 2 with the free optical fiber 
but not with the integrating sphere. This dose has been 

25 shown to be below the threshold for eschar formation in 

guinea pig skin when using uniform treatment beams . 
Uniform eschars were produced with the integrating sphere 
at light dose of 20 and 3 0 J/cm 2 . 

Figure 5 shows eschars formed on guinea pigs which 

30 were given photodynamic therapy utilizing a free optical 

fiber (top) and an integrating sphere according to the 
present invention (bottom) . Sites treated with the free 
optical fiber showed increasing areas of eschar as the 
light dose increased. Guinea pigs receiving light and no 

35 DHE showed no evidence of eschar formation at any dose. 
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Temperatures increased by no more than 2.9°C during 
treatment . 

The relevant data from the tests performed in 
Example 2 are presented below in Table 1. 

5 TABLE 1. Photodynamic effect of integrating sphere 

versus free optical fiber on guinea pig skin 

Light dose Sphere 1 Fiber 1 Spher e 2 Fiber 2 Sphere 3 Fiber 3 

10 J/cm 2 ()*«>%)* .30(38%) 0(0%) . 15( 19%) 0(0%) . 15( 19%) 

20J/cm 2 .86(109%) .51(65%) .78(100%) .64(82%) .98(125%) .50(64%) 

30 J/cm 2 .86(109%) .92(124%) .82(105%) .95(121%) 1.0(129%) .89(114%) 

In Table 1, areas of eschar produced by light 
administration to guinea pigs given 10 mg/kh DHE, as 
calculated by computer graphics program are expressed in 
cm 2 . Results are paired with designations 1, 2 and 3 
referring to treatments done on either side of each of 
the three guinea pigs. Each guinea pig received a total 
of six reaction sites: three on the first side using the 
integrating sphere, and three on the other side using the 
free optical fiber. "Sphere 11 refers to the side treated 
with the integrating sphere and "Fiber" refers to the 
side treated with the free optical fiber to the light 
doses shown. 

The expected area for a 1 cm diameter circle using 
7rR 2 is .785 cm 2 . Each area (in parentheses) is expressed 
as a percentage of this expected value. 

From the above, it can be seen that the integrating 
sphere of the present invention provides a highly uniform 
illumination beam, which is particularly applicable to 
photodynamic therapy. In this regard, the present 
invention further provides additional advantages such as 
elimination of required shielding, and quick and easy 
application of light over a desired treatment site. 
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Beyond phototherapy procedures, the integrating sphere of 
the present invention can be used in any application in 
which a highly uniform illumination field is required, 
such as optical examination and imaging. 
5 Although the present invention has been described 

with reference to particular means, materials and 
embodiments, from the foregoing description, one skilled 
in the art can easily ascertain the essential 
characteristics of the present invention and various 
10 changes and modifications may be made to adapt the 

various uses and characteristics without departing from 
the spirit and scope of the present invention as 
described by the claims which follow. 
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Claims 

1. A light delivery device which comprises: 

a hollow spherical shell which defines a cavity 
therein and includes a diffusive reflective inner 
surface; 

5 an input aperture formed within said hollow 

spherical shell for passing a beam of light into said 
cavity; 

a diffusive reflective surface within said cavity 
which is supported away from the inner surface of said 

10 hollow spherical shell and aligned with said input 

aperture, whereby light which passes through said input 
aperture into said cavity is reflected off said diffusive 
reflective surface before reaching the diffusive 
reflective inner surface of said spherical shell; and 

15 an output aperture formed within said hollow 

spherical shell through which only light that is 
reflected off said diffusive reflective inner surface 
exits said hollow spherical shell. 

2. A light delivery device according to claim 1, 
wherein said output aperture is covered by a transparent 
window. 

3. A light delivery device according to claim 1, 
wherein said input and output apertures are diametrically 
opposed from one another. 

4. A light delivery device according to claim 1, 
wherein said diffusive reflective surface is supported 
from said inner surface of said hollow spherical shell by 
a plurality of supports. 
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5. A light delivery device according to claim 1, 
wherein said diffusive reflective surface is planar. 

6. A light delivery device according to claim 1, 
wherein said diffusive reflective surface is convex. 

7. A light delivery device according to claim 1, 
wherein said hollow spherical shell comprises two half 
shell portions which are connected together. 

8. A light delivery device according to claim 7, 
wherein said two half shell portions included cooperating 
threaded portions by which said two half shell portions 
can be connected together. 

9. A light delivery device according to claim 1, 
wherein said hollow spherical shell is attached to a 
handle. 

10. A light delivery device according to claim 9, 
wherein said handle is detachable to said hollow 
spherical shell . 

11. A light delivery device according to claim 9, 
wherein said handle is hollow. 

.12. A light delivery device according to claim 11, 
wherein an optical fiber support is connected to said 
handle . 

13. A light delivery device according to claim 12, 
wherein said optical fiber support is connected to said 
handle at an end thereof which is opposed to said hollow 
spherical shell. 
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14. A light delivery device according to claim 12, 
wherein said optical fiber support includes a gasket 
means for receiving and securing an optical fiber. 

15. A light delivery device according to claim 5, 
wherein said diffusive reflective surface is supported 
away from the inner surface of said hollow spherical 
shell by a distance which is between about one to one- 

5 sixth a radius of said hollow spherical shell. 

16. A light delivery device according to claim 6, 
wherein said diffusive reflective surface is supported 
away from the inner surface of said hollow spherical 
shell by a distance which is between about one-tenth to 

5 one-half a radius of said hollow spherical shell. 

17. A light delivery device according to claim 1, 
wherein said hollow spherical shell is made from a metal 
and said diffusive reflective inner surface of said 
hollow spherical shell comprises a diffusive reflective 

5 coating. 



18. A method of applying photodynamic therapy to a 
target situs which comprises: 

a) providing light delivery device, said light 
delivery device including: 
5 a hollow spherical shell which defines a cavity 

therein and includes a diffusive reflective inner 
surface, 

an input aperture formed within said hollow 
spherical shell for passing a beam of light into said 
10 cavity, 

a diffusive reflective surface within said cavity 
which is supported away from the inner surface of said 
hollow spherical shell and aligned with said input 
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aperture, whereby light which passes through said input 
15' aperture into said cavity is reflected off said diffusive 

reflective surface before reaching the diffusive 

reflective inner surface of said spherical shell, and 

an output aperture formed within said hollow 

spherical shell through which only light that is 
20 reflected off said diffusive reflective inner surface 

exits said hollow spherical shell; 

b) positioning said output aperture of said light 
delivery device near a target situs; and 

c) delivering light into said light delivery device 
25 and therethrough to said target situs. 

19. A method of applying photodynamic therapy to a 
target situs according to claim 18, further comprising 
providing the output aperture with a transparent window 
and placing said transparent window near the target situs 

5 in step b) . 

20. A method of applying photodynamic therapy to a 
target situs according to claim 19, wherein said window 
is placed against the target situs in step b) . 
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HAIR REMOVAL USING OPTICAL EUL3E3 
Background 

This invention relates to methods and apparatus for hair-removal using optical radiation. 

Excess hair (hypertrichosis) and/or unwanted hair are common dermatological and 
cosmetic problems, and can be caused by heredity, malignancy, or endocrinologic diseases, for 
example hirsutism (i.e., excess hair due to hormones such as androgens). Hair can be 
temporarily removed using a number of techniques including wax epilation, depilatory creams, 
and, of course, shaving. Alternatively, hair can be more permanently removed using electrolysis; 
this process involves insertion of a current-carrying needle into each hair follicle, and is often 
painful, inefficient, and time consuming. 

Optical-based methods, such as the use of laser light, have also been used for hair 
removal. U.S. Patent 4,388,924, for example, describes irradiation of individual hair follicles 
using a laser; in this method, heating of the hair's root section causes coagulation in local blood 
vessels, resulting in destruction of the follicle and thus in removal of the hair. Related 
techniques, such as those described in U.S. Patent 5,226,907, involve destruction of the follicle 
by first applying a light-absorbing substance to the region of interest, the light-absorbing 
substance migrating at least part-way into the follicle, removing the excess light-absorbing 
substance, and then irradiating the region to heat the substance and thus the follicle to cause 
destruction of the follicle. 

The above prior art techniques suffer from a number of limitations. First, techniques for 
irradiating an individual hair follicle are time consuming and therefore are generally not practical 
for removing hairs other than from a very small region or from a region having few hairs situated 
therein. The procedure can also be painful, particularly if a needle-like element is inserted into 
the hair follicle to facilitate light energy reaching the bulge and the root or papilla, parts of the 
hair follicle which must be destroyed in order to prevent regrowth of the hair. Where the 
irradiation source is not inserted into the follicle, it is difficult to get sufficient energy to the 
required portions of the follicle to result in destruction thereof without also causing significant 
damage to the surrounding tissue and thus causing pain and injury to the patient. 

While the technique of the latter patent is advantageous in that it permits a number of 
hairs in a given region to be simultaneously removed, it is difficult with this technique to get the 
light-absorbing substance or chromophore deep enough into the follicle to effect destruction of 
the papilla. Further, this technique results in substantial energy being applied to and absorbed by 
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the epidermis and other skin layers in the region being treated, with significantly reduced energy 
reaching the root or papilla of the follicle. Total destruction of the follicle, and therefore 
permanent, or at least long term, hair removal is therefore difficult to achieve, particularly 
without risking damage to the epidermis and other layers of skin within the region. 
5 A need therefore exists for an improved technique for performing hair removal which 

facilitates optical energy reaching the bulge and base, or root of hair follicles in a region while 
minimizing damage to the epidermis in the region, thereby minimizing patient discomfort and 
potential adverse side effects from the treatment. 

10 Summary Of The Invention 

In accordance with the above, this invention provides a method and apparatus for the 
simultaneous removal of a plurality of hairs from a skin region, each of which hairs is in a 
follicle extending into the skin from the skin surface. The technique involves placing an 
applicator in contact with the skin surface in the skin region and applying optical radiation of a 

1 5 selected wavelength and of a selected flux through the applicator to the skin region for a 
predetermined time interval. The applicator is preferably pressed against the skin surface, 
thereby reducing the distance from the applicator to the papilla of the hair follicles and 
facilitating destruction thereof. Further, the invention also involves cooling the skin surface in 
the skin region to a selected depth during the applying of optical radiation to the skin region 

20 and/or prior thereto. This allows the papilla of the hair follicles to be significantly heated 
without damage to the skin surface in the skin region up to the selected depth. 

For preferred embodiments, the applicator is utilized to cool the skin surface in the skin 
region to the selected depth and the selected depth is preferably at least equal to the depth of the 
epidermis layer of the skin (i.e. the layer of the skin closest to the skin surface). The cooling by 

25 the applicator may for example be accomplished by cooling at least the surface of the applicator 
in contact with the skin surface, such cooling preferably being accomplished both before and 
during the irradiation of the skin. For preferred embodiments, the cooling of the applicator is 
accomplished by passing a cooling fluid through the applicator: Further, it is also preferred that 
irradiation of the skin surface not be performed until the skin region has been cooled to 

30 substantially the selected depth. For the most preferred embodiment, cooling is performed both 
before and during irradiation, and the selected flux and predetermined exposure time (i.e., time 
interval for irradiation) are selected such that there is at most minimal heating of skin in the skin 



WO 96/23447 PCI7US96/01235 

-3- 

region to the selected depth, while there is sufficient heating of hairs and follicles below the 
selected depth to at least damage the hairs and follicles without causing significant damage to 
tissue surrounding the follicles. A preferred time interval for irradiation is 2 to 100 ms. The 
applicator is also preferably designed to converge optical radiation applied to the skin region, 
thereby further facilitating irradiation of the follicle papillas. For preferred embodiments, the 
applicator also has a convex surface in contact with the skin surface, applying substantially 
uniform pressure thereto to deform the underlying skin surface. For alternative embodiments, 
the applicator is designed to form a fold of the skin in the skin region and to apply optical 
radiation to two substantially opposite sides of the fold. For example, the applicator may have a 
slot formed in the surface thereof in contact with the skin surface, with at least a portion of the 
skin region being drawn up into the slot and optical radiation being applied to the skin region 
from at least two opposite sides of the slot. 

It is also desirable that a substantial refractive index match be maintained between the 
applicator and the skin surface in said skin region. Such refractive index match may be provided 
by a layer of refractive index matching substance between the applicator and the skin surface in a 
skin region and/or by forming the applicator of a material which at least for the surface in contact 
with the skin region has a refractive index which substantially matches that of the skin surface. 

To facilitate hair removal, hairs in the skin region may be shaved prior to irradiation. 
However, it may be preferable to epilate the hairs in the skin region before irradiation. When 
hairs are epilated, destruction of the follicles can be facilitated by filling the follicles from which 
the hairs have been epilated with a substance which preferentially absorbs optical radiation at the 
selected wavelength being used for irradiation (i.e. a chromophore). Further, where only 
temporary hair removal is desired, this may be accomplished for a period of up to several weeks, 
relatively painlessly, by applying the chromophore to the area, which has been preferably pre- 
shaved, which chromophore migrates into the hair follicles to a depth of a few millimeters, 
roughly to the depth of the sebaceous gland. Low level irradiation applied through the applicator 
to the skin region will then result in the destruction of the hair without destroying the follicle. 

An applicator suitable for use in practicing hair removal in accordance with the above 
may include an inlet through which optical radiation is applied to the applicator, a surface shaped 
to contact the skin surface in the skin region, an optical path from the inlet to the surface, which 
path is substantially transparent to optical radiation at the selected wavelength, an element in the 
optical path for converging the optical radiation as it leaves the applicator through the surface 
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and some means for cooling the surface to a temperature below that of the skin region. As 
indicated previously, the surface is preferably formed of a material having a refractive index 
which substantially matches, but which is not less than, the refractive index of the skin surface in 
the skin region. For preferred embodiments, the element for converging the optical radiation is a 

5 lens and the means for cooling is a channel near the surface through which cooling water is 
passed. For one embodiment, the surface of the applicator in contact with the skin has a convex 
shape while for an alternative embodiment the surface has a slot formed therein, with the optical 
path leading to at least two opposite sides of the slot, and the applicator includes a means for 
drawing at least a portion of the skin region into the slot, this means for drawing preferably 

1 0 includes a vacuum applying element. 

The foregoing and other objects, features and advantages of the invention will be 
apparent from the following more particular description of preferred embodiments of the 
invention as illustrated in the accompanying drawings. 

15 Brief Description Of The Drawings 

Fig. 1 is a perspective view of a laser-based hair-removal device according to the 
invention; 

Figs. 2A and 2B are cross-sectional views of an irradiating unit or applicator suitable for 
use with a hair-removal device of this invention, the applicator receiving, respectively, light from 
20 a fiber optic or fiber optic bundle, and from a mirror assembly; 

Figs. 3A, 3B, and 3C are, respectively, an expanded, cross-sectional view of the contact 
device of the irradiating unit in direct contact with a hair-containing skin region, a cross- 
sectional, cut-out view showing the back-scattered optical fields at the contact device/epidermis 
interfacial region, and a cross-sectional cut-out view showing thermal transport at the interfacial 
25 region; 

Fig. 4 is a plot showing the optical absorption spectra of melanin, hemoglobin, 
oxygenated hemoglobin, and water; 

Figs. 5A and 5B show, respectively, the time and spatial profiles and the preferred optical 
field used during the hair-removal process; 
30 Fig. 6 is a plot of the computer-generated optical intensity as a function of skin depth for 

different optical fields; 

Fig. 7 is a photograph showing skin regions of a patient three months after being treated 
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according to the hair removal method of the invention; 

Figs. 8A, 8B and 8C are oscilloscope traces showing, following irradiation, the time- 
dependent temperature responses of, respectively, dry black hair, wet black hair, and live skin 
surrounding the black hair sample; 

Fig. 9 is a plot showing the temperature rise as a function of laser pulse energy for dry 
hair (DH), wet hair (WH), and skin (S) samples of eight different patients; 

Fig. 1 OA is a partial cross-sectional view of the applicator of the invention being used to 
practice an alternative embodiment of the invention wherein epilation and filling of empty 
follicles with a chromophore are performed before irradiation; and 

Fig. 1 OB is a cross-sectional view of an applicator for an alternative embodiment being 
used for hair removal. 

Detailed Description 

Referring to Fig. 1, an exemplary laser-based hair-removal system 10 includes a light 
source 12, which may, for example, include one or more lasers for generating the irradiating 
field. The light source 12 may be optically coupled to a series of beam-manipulating optics 14 
which, in turn, may be coupled via a fiber optic cable 16 (or other fiber optic device) to the 
irradiating unit or applicator 1 8. During the hair-removal therapy, the light source is powered by 
a voltage and current supply 19, and delivers a beam of light through the optics 14 and fiber 
optics 16 to the irradiating unit or applicator 18. The field is then delivered to a region 20 of a 
patient 22 (positioned, for example, on a table 25, a chain or other suitable positioning element 
depending on the location of the region 20 on the patient's body) resulting in hair removal from 
the region 20. Once the desired region is treated, the irradiating unit can be easily moved along 
the patient 22, as indicated by arrows 27, and used to treat subsequent regions. 

The spatial and temporal properties of the optical field determine the efficacy of the hair- 
removal process, and some of these properties may, if desired, be adjusted using a series of 
controls 24, 26, 28 located on various components of the hair-removal system 10. For example, 
using controls 24 located on the power supply, the optical intensity and pulse repetition rate of 
the irradiating field can be controlled by adjusting parameters such as the voltage, current, and 
switching rate for the laser's power supply. Other properties of the field, such as the wavelength 
and pulse duration, may be varied by controls 26 which adjust components (e.g., gratings, mirror 
or filter positions, shutters, or pulse-forming means) of the light source 12; however, for 
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preferred embodiments wavelength would not be adjusted. Similarly, controls 28 can be used to 
adjust the modulating optics 14, resulting in control of properties such as mode quality, beam 
diameter, and coupling of the irradiating field into the fiber optics 16. All controls may be 
adjusted by hand; and the system may also be operated (i.e. the laser turned on) by hand or, 
5 alternatively, by using a foot pedal 30 connected to the system 10. 

In alternate embodiments, the light source, coupling optics, and irradiation unit may be 
encompassed in a single, hand-held device. In this case, the light source is preferably an array of 
diode lasers coupled directly to the irradiating unit, and is powered by a small external power 
supply. The compact nature of this type of optical system allows for a more controllable, 

10 maneuverable device, and additionally obviates the need for fiber optic delivery systems. 

In order to effectively destroy the irradiated hair follicles without causing damage to the 
surrounding skin, the light field supplied by the system 10 and the irradiating unit 1 8 is designed 
to maximize the amount of light-induced heat deposited in the hair follicles, while reducing the 
degree of injury to the surrounding skin. It is preferred, for example, to deliver sufficient optical 

1 5 energy to several "target" regions on the hair follicle; radiation delivered to these regions results 
in complete and localized destruction of the follicles. 

Prior to treatment, the region to be treated may be shaved in order to facilitate irradiation 
of the follicles. Alternatively, as will be discussed later, hairs in the region may be epilated and a 
chromophore may be applied to region 20, which chromophore migrates into the empty follicles. 

20 Excess chromophore may then be removed from the skin surface prior to irradiation. Prior to 
treatment, an anesthetic may also be injected locally or applied to the skin surface and following 
treatment, patients may be treated with topical antibiotic ointments. 

Mechanical Stroctwre 

25 With reference now to Figs. 2A and 2B, the applicator or irradiating unit 1 8 of the hair- 

removal system allows delivery of the irradiating field 38 to hair follicles 40 located in the region 
20. As shown in Fig. 2 A, the field 38 may be delivered to the irradiating unit 18 using a fiber 
optic cable 16 (or other fiber optic device) containing one or more fibers or fiber optic bundles. 
In this case, after exiting the waveguide, the field 38 is typically spatially dispersed, and is 

30 preferably collected and roughly collimated using a plano-convex lens 42. Alternatively, as 
shown in Fig. 2B, the field may be delivered to the irradiating unit using, for example, one or 
more reflecting mirrors 44. This allows the field 38 to be roughly collimated prior to impinging 
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on the lens 42. Depending on the focal length of the lens 42 and the mode quality of the 
irradiating field, the field is preferably condensed using, e.g., a plano-convex lens as shown in 
the figure. After passing through this optic, the beam then impinges on a lens or contact device 
46 which is placed in contact with the skin region 20. The optical and mechanical properties of 
the contact device 46 are chosen to allow efficient coupling of the optical radiation into the skin 
region (resulting in a delivered field 38) and the thermal properties of the contact device are 
chosen to allow efficient coupling of heat from the skin region. Once delivered, the field is used 
to irradiate, heat, and then destroy the hair follicles 40. The contact device 46, in addition, is 
used to couple light and heat out of the superficial skin layer (i.e., epidermis) of the irradiated 
region. This allows the light-absorbing pigment (i.e., melanin) contained within the deep part of 
the hair follicles to be irradiated and selectively heated, permitting permanent destruction of the 
follicle, while potentially deleterious optical and thermal energy are simultaneously conducted 
out of the overlying skin layers. Thus, multiple hair follicles can be destroyed, permanently 
removing hair from the skin region without causing substantial pain or injury to the patient. The 
destroyed follicles are ultimately removed by the body. 

Both the lens 42 and contact device 46 are preferably disposed in a housing 48 containing 
both entrance 50 and exit 52 ports for fluids such as cooling water and pure gas (i.e., nitrogen to 
prevent condensation on the lens) to flow into and out of; fluids may be used, for example, to 
cool the contact device 46, which, in turn, cools the skin surface. Alternatively, the housing 48 
may include an electrically controlled cooler in order to provide accurate control over the 
temperature of the contact device 46. Preferably, when cooling means are used, the temperate of 
the surface layer or epidermis of the skin is reduced to between 4-15 °C. In addition, in this case, 
it is preferred that a short time period (e.g., about 1 second) be allowed to elapse before 
irradiation in order to ensure that the epidermis is adequately cooled. An external casing 39, as 
indicated in Fig. 2B by the dashed line, or a fiber-coupling housing 37, as shown in Fig. 2 A, may 
be used to connect the light-delivering means to the housing 48. 

With reference now to Fig. 3A, the contact device 46 is preferably formed into a lens 
shaped in order to converge the irradiating field, preferably near the base of the hair follicles 40. 
In order to converge light, the contact device must be optically transparent at the irradiating 
wavelength, and preferably has a biconvex or plano-convex lens shape, preferably with an f 
number less than or equal to f/1 .0, and a focal length of between about 0.5 and 2 cm. Control 
over the surface shape of the contact device allows the converged light field 38* to 
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simultaneously irradiate various target portions of the hair follicle, resulting in efficient 
destruction. Typically, each irradiated hair shaft has a diameter of about 75 microns, with the 
entire follicle having a diameter of about 200 microns. After passing through the contact device 
46, the light field 38' is preferably converged through the epidermis 56 of the skin layer (having a 
5 thickness, e.g., of about 0.1 mm) and is condensed in the dermis 58 near the papillae 54 of the 
follicles 40. Because dermal thickness varies greatly over the body, the papillae may be 
superficial (as in, e.g., the eyelids and scrotum), but for most areas of interest (e.g., the face, 
axillae, and legs) the papillae are located at depths of approximately 4 to 7 mm beneath the 
epidermal surface. Located a few tenths of a millimeter below the papillae are neurovascular 

10 bundles 60 which serve the metabolic and other needs of a hair matrix, the region of rapidly 
growing keratinizing cells, located in the papilla, which produce the hair shaft 55. The matrix, 
papilla, and the corresponding vascular bundle, as well as the bulge near the center of the follicle, 
represent the follicular targets to be irradiated/destroyed. Preferably, during irradiation of these 
regions, the field is pulsed, the pulse duration of the irradiation being kept short enough so that 

1 5 damage is localized to a small region of dermis (typically within about 0.2 mm) surrounding 
each follicle in accordance with the principles of selective photothermolysis. The extent of 
damage is preferably much less than half the distance between neighboring follicles (typically 
between 1 and 4 mm); if it is significantly greater than this, the light-induced injury may result in 
a third-degree burn. 

20 In addition to providing a light converging function, a contact device 46 having a convex- 

shaped surface 62 allows efficient compression of the skin during contact. Compression of the 
dermis 58 located near the surface 62 of the contact device decreases the distance between this 
region and the papillae; depending on the force applied, the distance may be decreased by up to 
several millimeters. Because the radiation field 38' is scattered and correspondingly attenuated 

25 during propagation through the dermis, compression of the skin results in bringing more light to 
the deep portions of the hair follicles for more efficient light-induced heating of the papilla. In 
addition, compression of the dermis by the contact device using a pressure greater than the 
patient's blood pressure forces light-absorbing blood out of the irradiated region (indicated 
during treatment by a whitening of the skin in the pressurized region). This reduces absorption 

30 of the optical field, resulting in more efficient delivery of light to the follicular target regions. 
Pressure applied using a contact device having a convex surface results in a relatively uniform 
displacement of blood from the skin region. A contact device having this shape is therefore 
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preferred to a flat device, which tends to produce regions having center portions which are not 
entirely blood-free. 

In alternate embodiments, the contact device may be mounted in the housing in a spring- 
loaded fashion so that it may be forced against the skin surface with an adjustable pressure. In 
addition, in this embodiment, the spring mechanism may be attached to a sensor and readout 
device so that the exact pressure applied to the skin surface can be accurately monitored and/or 
controlled. 

When forced against the skin, the contact device 46 allows optical radiation to be coupled 
into and out of the epidermis. With reference now to Fig. 3B, the refractive index (n^) of the 
contact device 46 should be approximately matched to that (n EP ) of the epidermis 56, which is 
approximately 1.55. Because light travelling from one refracting medium (i.e., the contact 
device) to another (the epidermis) is reflected at the interface 57 separating the two regions by an 
amount related to the square of the refractive index difference, nearly index-matching allows 
efficient coupling of the irradiating field into the skin. Thus, a contact device composed of a 
material having a refractive index near 1 .5 or somewhat greater allows the incident irradiating 
field to undergo minimal reflections (indicated in the figure by the arrow 64) at the 
epidermis/contact device interface 57. Similarly, as indicated in the figure by the arrows 66, 
optical fields within the dermis are back-scattered towards the epidermis due to diffuse 
reflectance. These back-scattered fields contribute to unwanted epidermal heating, and are easily 
coupled out of the skin using the index-matched contact device 46. This allows minimization of 
the light-induced damage to the epidermis 56, while allowing effective irradiation of the follicle 
target sites within the dermis. In preferred embodiments, in order to be substantially index- 
matched, the contact device is preferably formed of a high-density material such as sapphire (n CD 
= 1 .7), fused silica (n^ = 1 .5), or similar optically transparent glasses or plastics. In order to 
provide a convergent field entering the skin and to have the convex shape of the contact device 
as shown, it is advantageous to use sapphire, the slightly higher index of which facilitates the 
desired field convergence. 

With reference now to Fig. 3C, in order to conduct heat away from the epidermis, it is 
additionally preferred that the contact device 46 be composed of a material having a high thermal 
conductivity (kc D ) which is similar to that of the skin. This allows efficient transfer of heat 
(indicated in the figure by the arrows 68) from the epidermis 56, across the contact 
device/epidermis interface 57, and into the contact device 46. A high thermal conductivity, in 
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addition, is necessary to minimize local heating effects that may occur at the interface 57, 
thereby reducing the chance of thermally induced damage or injury to the irradiated epidermis. 
As will be discussed later, this is particularly important when the contact device is cooled. 
Ideally, the thermal properties of the contact device and the time the contact device is applied to 
5 the skin before irradiation begins allow minimization of heating near the epidermis, but have 
little effect on heat deposited near the papillae of the hair follicle (shown in the figure as region 
70). Materials having high thermal conductivities include sapphire (K^ = 0.083 cal sec" 1 cm" 2 
°C cm* 1 along the C axis at 30°C), fused silica (K^ = 0.026 cal sec 1 cm 2 °C cnr 1 along the C 
axis at 30°C), as well as other high-density glasses and plastics. 

10 In addition, in order to improve both optical (i.e., transmission of back-scattered light) 

and thermal (i.e., heat conduction) properties at the contact device/epidermis interface 57, it is 
desirable to apply to the skin a topical liquid or emollient, such as a lotion, water, alcohol, or oil, 
having a refractive index which is similar to that of the contact device 46 and epidermis. For 
example, application of an oil having a refractive index between that of the epidermis (n = 1.55) 

15 and sapphire (n = 1 .7) minimizes optical reflection effects at the interface, thereby allowing more 
efficient transfer of light into the skin region from the contact device and of back-scattered 
radiation from the skin region. Also, a liquid allows for more efficient transfer of heat by 
conduction from the skin into the sapphire, thereby reducing the degree of damage or injury to 
the epidermis. 

20 

Optical Properties 

The temporal and spatial distribution of intensity for the irradiating optical field inside 
the skin ultimately determine the amount of heat deposited into the target regions of the hair 
follicle; these properties therefore can be selected and/or adjusted to optimize the hair-removal 

25 process. In particular, properties which affect the hair-removal process include the pulse energy, 
pulse duration, repetition rate (i.e., the time duration between subsequent pulses), wavelength, 
energy, exposure spot size, beam convergence as it enters the skin, and mode geometry (i.e., 
spatial extent and uniformity) of the optical pulse. These characteristics may be selected 
according to the pigment present in the hair and skin to be irradiated; preferably, each parameter 

30 is adjusted so that the temperature at each target site, immediately following irradiation, is 
elevated to between about 80 and 120°C. Heating the follicle to this temperature leads to 
permanent damage and subsequent removal. 
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Referring now to Fig. 4, the wavelength of the irradiating field is chosen to be resonant 
with the natural pigment (i.e., melanin) present in the target sites (i.e., the hair shaft, bulge, 
matrix, and papilla). The absorption spectra of melanin, water, hemoglobin, and oxyhemoglobin 
shown in the figure indicate the ability of these compounds to absorb optical radiation at 
5 different wavelengths; low absorption indicates that light at the particular wavelength will 
penetrate deeper in the absorbing media. In general, in order to selectively heat the target 
regions, the wavelength of the irradiating field is chosen to match the absorption spectrum of 
melanin, which basically absorbs light from about 200 to 1200 nm; conversely, the wavelength is 
mismatched to the absorption spectra of compounds contained in the skin, such as water and 

10 hemoglobin. Light having wavelengths between 680 and 1200 nm, a range indicated by the 
arrow 70 in the figure, is effectively absorbed by melanin while being relatively transmitted by 
both hemoglobin and water, and therefore can be used for selective heating of pigmented hair 
surrounded by white or lightly tanned skin. In particular, light in the range of 680 to 900 nm or 
1000 to 1200 nm is preferred, as this radiation is strongly absorbed by melanin, and will not be 

15 absorbed by the bands present in water and in oxyhemoglobin near 950 nm. For patients with 
less melanin present in the hair follicles (e.g. with auburn or light brown hair), the shorter 
wavelengths in this region are preferable because of the higher absorption coefficient of melanin. 
In addition, other light-attenuating effects besides absorption, e.g., scattering of radiation, are 
also wavelength-dependent, and should be considered during selection of the optical field's 

20 wavelength. For example, in human skin, the penetration of light is partially determined by the 
transport scattering coefficient (ji s ), which decreases at longer wavelengths due to scattering in 
the dermis. For radiation at 1000 nm, m is about 10 cm* 1 ; light propagating into the skin from a 
generally index-matched medium at this wavelength will therefore reach a maximum intensity at 
about 1 mm below the skin surface. 

25 Sources generating visible or near-infrared light in the preferred range of 680-1200 nm 

include diode (k * 800-1000 nm), Nd:YAG and Nd:YLF (k = 1064 and 1053 nm), Ti:Sapphire 
and infra-red dye (k * 700-1000 nm), ruby (k = 694 nm) and alexandrite (A, = 700 - 850 nm) 
lasers. Ruby, Nd: YAG and diode lasers (particular arrays of diode lasers) are preferred as these 
sources are commercially available, well-categorized, and can be manufactured on a small scale. 

30 Light sources of this type can be incorporated into compact hair-removal devices which, in turn, 
can be easily manipulated by the operator during hair-removal procedures. 

The duration of the optical pulse can also be controlled in order to vary the heating of the 
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hair follicle. Referring now to Fig. 5 A, the optical pulses, indicated by the waveforms 74, 74', 
preferably have durations 76, 76' which allow the follicle to be heated for short periods of time. 
The pulse width is controlled to vary the heat conduction during the optical pulse, and thus the 
damage of the follicle and its immediate surrounding dermis; too little damage results in hair re- 
5 occurrence, while extensive damage may produce scarring in the irradiated region. Preferably, 
the pulse duration 76, 76' is between about 2 ms and 100 ms. 

The exact pulse duration is dictated by the diffusion of heat in the skin, a process which 
roughly follows the heat diffusion equation relating the diffusion time t, diffusion distance d, and 
thermal diffusivity k, as discussed by in Welch, A.J. "The thermal response of laser-irradiated 

10 tissue", IEEE J. Quant. Electron. QE-21 (12), 1471-1481 (1984): t = d 2 /4k (k for the human 

dermis is roughly 1 .3 X 10 3 cm 2 /sec). The time needed for extraction of heat from the epidermis 
during a laser pulse is approximately 2 ms, and the thermal relaxation time for a typical 200 
micrometer hair follicle is approximately 40 ms. For light exposures longer than a few hundred 
milliseconds, too much thermal diffusion may occur during the exposure period, resulting in 

1 5 either inefficient destruction of the target regions of the hair follicle, excessive dermal damage, 
or both. Further, since most of the melanin (roughly two thirds) in the epidermis is in the lower 
portion of the epidermis, heating of the epidermis occurs primarily in the deeper portions thereof, 
and some time is required for this heat to reach the surface in order to be removed by the contact 
device 46. Therefore, since this time is at least 2 ms, this is the minimum suggested pulse 

20 duration, with a longer time, preferably at least 5 ms, being suggested to minimize epidermal 
damage. Further, depending on the laser utilized, each pulse could be in the form of a single 
continuous pulse as shown in Fig. 5 A or in the form of a train of closely spaced pulses of shorter 
duration, the space between such closely-spaced pulses being much shorter than 5 ms. 

For a given fluence, the intensity of the optical field is inversely related to the pulse 

25 duration; thus, when the pulse duration is below about 10/us, large optical intensities may result 
in undesirable modes of damage to surrounding skin regions. In addition, short pulses may result 
in localized heat-induced "explosions" in the follicle which cause mechanical damage to the skin. 
In particularly preferred embodiments, the pulse has a duration or pulsewidth of about 2-100 
ms. During this time period, thermal diffusion takes place over a distance of about 0.05 to 0.3 

30 mm; damage confined to about this distance results primarily in destruction of the irradiated hair 
follicles, with little or no damage to the surrounding skin. 

Optical pulses having well-defined and adjustable durations may be generated using 
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known techniques. For instance, intra-cavity modulation of the light field using electro or 
acousto-optic Q-switching devices allows generation of pulses having temporal profiles which 
are typically Gaussian in shape. Pulses made using these methods are typically too short, 
however, having durations in the sub-microsecond range. Normal-mode pulses produced by 
flashlamp excitation of ruby, alexandrite, Ti:sapphire, or Nd: YAG lasers are preferred because 
these typically are high-energy pulses in the 0.1 - 10 ms pulse duration region. Alternatively, a 
continuous (i.e., time-independent) optical field emitted by a laser can be externally modulated 
using, for example, a mechanical shutter or electro-optic gate. Modulation using external 
methods allows the pulse width to be easily varied from a few hundred microseconds to several 
hundred milliseconds. Pulses generated using external modulation may also have "square wave" 
temporal profiles (as shown in Fig. 5A) which allow a more uniform optical field to be applied to 
the region of interest. However, external modulation is not used for currently preferred 
embodiments. 

When a contact device is used to deliver the optical pulse, a time delay preferably exists 
between the time at which the contact device contacts the skin surface and the arrival of the 
pulse. This allows the entire epidermal layer 56 to be cooled significantly prior to irradiation, 
thereby increasing its damage threshold. Pain and damage to the epidermis are thus reduced and 
are further minimized by continuing to cool contact device 46 during irradiation so that heat 
continues to be removed from the epidermis. However, heating at lower levels where destruction 
of the follicles, and in particular the bulge and papillae thereof, is desired is not affected by the 
cooling performed either before and/or during irradiation. 

In addition, the time duration between optical pulses (indicated in Fig. 5 A by the arrow 
78) may be adjusted in order to control the total amount and rate on average of heat deposited 
into the irradiated region. If repetitive illumination is required for destruction of the follicle, this 
time period is preferably constant and lies between several seconds and a few hundred 
milliseconds. Alternatively, for "single shot" illumination, this time period is selectively 
controlled by the operator. In this case, a single laser shot is delivered to the region of interest, 
and then the region is inspected by the operator for damage. If more radiation is required, 
additional laser shots can then be delivered to the region. Otherwise, the irradiation unit is 
translated and used to treat a separate region. 

The spatial extent of the optical field is chosen to allow multiple hair follicles to be 
irradiated with a single laser shot. In addition, larger spot sizes are preferred because attenuation 
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along the beam axis within skin due to scattering decreases as the beam radius, R, increases. 
Thus, wide-area beams allow more efficient delivery of optical radiation to the deep target sites. 
Referring now to Fig. 5B, the width 80 of the spatial profile 82 of the irradiating beam at the 
surface of the skin is preferably on the order of, and preferably much greater than, the depth of 
5 the target to be irradiated. Most preferably, the beam diameter is at least 8 mm. The area of the 
irradiating field is preferably between about 0.5 and 2 cm 2 , and is most preferably between 0.75 
and 1 cm 2 . Because the beam is preferably converged, the spatial profile will be condensed as a 
function of depth before reaching a waist at a depth defined by optical scattering in the dermis. 
Preferably, as shown in Fig. 5B, the intensity across the beam diameter is roughly constant in 

10 order to provide a substantially uniform irradiating field. 

Referring now to Fig. 6, following illumination, the intensity distribution of optical 
radiation (i.e., the y axis in the figure) as a function of skin depth (i.e., the x axis) is calculated 
using Monte Carlo-based computer simulations. The distribution is a function of the beam's 
spatial profile, the optical properties of the medium in contact with the skin. Although the 

1 5 plotted data is based on a computer simulation, and is thus only an approximate, the x axis units 
are estimated to be about 500 microns per tick mark. The first curve 90 shows the skin depth- 
dependent properties of an optical field originating from a small, collimated spot of 800 nm light 
in air. In this case, the majority of the optical intensity is distributed near the surface of the skin 
(indicated by the "0" point along the x axis), with the intensity dropping off rapidly at larger 

20 depths. A larger, collimated spot originating from air (curve 92) has a more evenly distributed 
skin depth-dependent intensity, although the majority of the light is still concentrated near the 
skin surface. Delivering a large, collimated radiation spot from a material having a refractive 
index of 1 .5 (curve 94) results in a relatively uniform optical intensity in the first millimeter or so 
of the skin; at larger depths, this intensity starts to tail off with a relatively slow time constant. 

25 Finally, in the preferred embodiment, a large, spatially converging optical field from the n = 1 .5 
refracting material has an intensity at the skin surface which increases to a maximum after 
propagating about a millimeter into the skin. The intensity then attenuates as a function of skin 
depth with a time constant slower than that exhibited by the curve 94. Thus, a field of this type 
can be used to effectively heat the target sites of the follicle, with reduced heating of the skin at 

30 the surface, thus reducing heat injury to the skin. 

In the case where the illuminating laser generates a beam having a diameter less than the 
preferred values, it may be necessary to expand the beam prior to delivery to the irradiating unit. 
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This may be done with conventional telescoping optics, e.g., two-lens systems configured to first 
expand and then collimate the emitted beam. Alternatively, as shown in Fig. 2A, the irradiating 
field may be coupled into an optical fiber and then delivered to the irradiating unit. In this case, 
the emerging field is naturally dispersed due to the waveguide nature of the fiber, and is then 
collected by a collimating lens. Displacement of the lens from the fiber tip allows the irradiating 
beam's profile to be increased to the desired amount. 

The fluence of the optical field will be varied according to the degree of pigmentation in 
the patient, and is preferably between about 10 and 200 J/cm 2 for each pulse; patients with darker 
hair will require lower fluence than patients with lighter hair. Most preferably, the pulse fluence 
of the irradiating field for pulses of about 1 ms duration is between 30 and 50 J/cm 2 . As 
described herein, in all cases, the fluence is adjusted in order to heat the target regions to the 
desired temperature of approximately 80 to 120°C. Moreover, the level of fluence may be 
increased as the pulse duration is increased in order to compensate for less efficient heating of 
follicles due to heat conduction during long pulses. It may be necessary to increase or decrease 
the optical fluence in order to heat the hair follicle to the desired temperature if the wavelength of 
the irradiating light field does not lie in the preferred spectral regions (i.e., 680-900 nm or 1000- 
1200 nm). In addition, in cases where the laser output is below the desired optical fluence, it 
may be necessary to amplify the individual pulses prior to irradiating the skin. Optical 
amplifiers, such as external optical cavities, may be used for this purpose. 

Table 1 , shown below, lists the preferred parameters of the optical fields used for hair 
removal. The value of each parameter depends on the amount of hair in the region of interest, 
the degree of pigmentation of the hairs, and the pigmentation of the surrounding skin of the 
patient. 

Table 1 - Preferred Optical Field Parameters 



Parameter 


Range 


Preferred Values 


Wavelength 


680- 1200 nm 


680-900, 
1000-1200 nm 


Pulse Duration 


50 Ais - 200 ms 


2 - 100 ms 


Beam Area 


> 0.5 cm 2 


0.75-1.0 cm 2 


Pulse Energy 


10-200 J/cm 2 


30 - 50 J/cm 2 


Optical Coupling 


external n > 1 .4 


n= 1.5 to 1.7 
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Beam Convergence, 


collimated or 


fWO.5-2 


At Skin Surface 


convergent 





The inventions will now be further described with reference to the following examples. 

5 Examples 

In order to demonstrate the efficacy of the hair-removal device according to the 
invention, in vitro black-haired dog skin was exposed to light from the normal mode of a ruby 
laser at k = 694 nm with a pulse duration of 270 //s and optical fluences of 40 J/cm 2 , 71 J/cm 2 , 
and 160 J/cm 2 . 

10 The spatial extent of the beam (8 mm diameter at the skin surface) allowed irradiation of 
approximately 100 hairs with a single laser shot. Following irradiation, each skin region was 
examined histologically. Examination revealed that at the highest fluences, dermal damage 
consistent with scarring of the skin was evident, indicating that at the highest fluences, light- 
induced thermal damage was not selective to the hairs. In contrast, at the lower fluences, and 

15 particularly at 40 J/cm 2 , localized follicular damage was observed, with no noticeable damage 
occurring in the neighboring skin regions or dermis between hair follicles. 

In a separate set of experiments, in order to show that the temperature increase within the 
irradiated hair is dependent on the degree of pigmentation, fresh human hair and skin samples 
having different colors were exposed using the hair-removal method described herein. The light 

20 source for all experiments was the ruby laser described above. Emitted light was first coupled 
into an enclosed beam-steering device containing several mirrors coated to have high 
reflectivities at 694 nm, and then delivered to an irradiating unit similar to that shown in Fig. 2B. 
The unit included a 5-cm plano-convex glass lens positioned at the proximal end of a water- 
cooled plexiglass housing. A sapphire contact device shaped as a 1-cm focal length lens was 

25 disposed at the distal end of the contact device, with the convex side touching the skin to allow 
compression during exposure as described above. Human skin was irradiated with an 8 mm 
diameter beam by pressing the cooled (4°C) contact device against the skin region of the 
patients, and then delivering a single laser shot. Each shot typically resulted in the simultaneous 
exposure of about 10 hairs. 

30 The skin and hair of six adult patients having hair color ranging from red to black was 

irradiated and then observed. In each patient, eight treatment sites, each having an area of 10 
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cm 2 , were irradiated. In order to monitor destruction of the papilla, sites 1-4 were wax-epilated 
prior to exposure to laser light, while sites 5-8 were shaven prior to exposure. Each site then 
received an optical fluence of either 28 J/cm 2 , 42 J/cm 2 , or 57 J/cm 2 . Patients were seen in 
follow-up examinations one month and three months (and for some patients also one year) after 
exposure. As seen from the photographs of the exposed regions shown in Fig. 7 (i.e., regions A- 
C), hair regrowth after three months was minimal or non-existing in all cases compared to the 
shaved-but-untreated region (Region D), clearly indicating permanent damage to the hair follicle. 
In the figure, sites A-C were treated with decreasing energy from the laser. It is clearly evident 
that hair removal is relatively less pronounced in region C, treated with a fluence of 27 J/cm 2 . 
Region D, the control region, was shaven at the same day regions A-C were treated. In addition, 
histological specimens obtained from the treated sites revealed that damage occurred exclusively 
to the hair follicle, while the surrounding dermis was essentially spared. There was statistically 
significant loss of hair for all of the subjects in the laser-treated sites compared with unexposed, 
shaven control sites. At one year later, there was also significant permanent hair loss without 
any scarring. 

A separate set of experiments permitting measurement of the time-dependent temperature 
characteristics of hair and skin samples were conducted using a pulsed photothermal radiometry 
(PPTR) apparatus. In these experiments, the ruby laser described above was used at lower 
fluences to provide optical pulses having an energy allowing heating, but not destruction, of the 
follicles. Output from the laser was focussed onto the samples of human hair and skin to provide 
a uniform excitation field. A New England Research, Inc. black-body radiation detector 
containing an amplified, liquid nitrogen-cooled HgCdTe detector was used to monitor time- 
dependent characteristics of the sample temperature, and a Gentec, Inc. laser energy meter was 
used to monitor the irradiating pulse. The output from both detectors was then amplified with a 
compensated 0-10 Mhz dc-coupled preamplifier, and then relayed to a digital oscilloscope for 
recording and storing the data. 

Eight patients having various skin types and hair coloring ranging from red/blonde to 
black were studied. In general, the PPTR results indicated that following irradiation at 694 nm. 
black hair experienced a larger temperature rise than lighter brown hair, and that both of these 
specimens experienced higher temperature rises compared to red/blonde hair. In addition, 
following irradiation, type II skin had a lower temperature rise than type III or type IV skin. 

Referring now to Figs. 8A-8C, in a particular example using a patient with black hair and 
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white skin, time-dependent traces measured using the PPTR apparatus indicate that 400 ms after 
irradiation, both wet and dry black hair experience, respectively, temperature rises of about 7°C 
and 72 °C (Figs. 8A and 8B) from a baseline temperature of 23 °C, whereas the surrounding skin 
(Fig. 8C) undergoes a temperature rise of less than 1 °C. The difference in the temperature rise 

5 and time-dependent decay characteristics of the wet hair is likely due thermal effects (e.g., the 
higher heat capacity of wet hair). 

Referring now to Fig. 9, in all cases, the normalized temperature rises (i.e, the ratio of 
temperature rise to laser pulse energy) in the wet and dry hair follicles were significantly higher 
than those measured in the skin, indicating selective heating of the follicles using the method of 

10 the invention. Table 2, shown below, lists the hair and skin types of each patient in the study. 
The patient numbers in the table correspond to the patient numbers in Fig. 9. 
Table 2 - Patient Hair and Skin Types 



Patient 


Hair 


Skin Type 


1 


Red 


II 


2 


Brown 


III 


3 


Brown 


II 


4 


Gray/Black 


III 


5 


Gray/Black 


III 


6 


Dark Brown 


III 


7 


Gray/Black 


II 


8 


Black 


III 



Other Erofrpfliments 

Fig. 10A illustrates an alternative embodiment of the invention wherein the region 20 is 
25 epilated rather than being merely shaved prior to treatment in accordance with the teachings of 
this invention. A fluid solution or suspension 100 containing a chromophore may then be 
applied to the skin region 20, with the chromophore containing fluid migrating into the empty 
follicles and filling the follicles. "Capillary action" of the fluid/chromophore into the follicles is 
desirable and may be enhanced by providing a low surface tension between the fluid and skin, 
30 for example by using surfactants or solvents. The excess fluid/chromophore may then be 
removed from the skin surface by washing, wiping or stripping. During irradiation, the 
chromophore 1 00 in the follicle absorbs light and is heated and, along with the heating of the 
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melanin of the follicle itself, results in significant heating of the follicle to destroy the portions 
thereof, including the bulge and the papilla, required to prevent regrowth of hair. The 
chromophore therefore must absorb light at the wavelength or wavelengths used for irradiation. 
Suitable chromophores might include a carbon particle suspension or a dye such as methylene 
5 blue or indocyanine green. Melanin itself in liposomal form might also be used. Since the 
chromophore is only in the follicles, this technique maximizes damage to the follicles while 
minimizing damage to surrounding tissue, and for this reason is a preferred way of practicing the 
invention, especially for those with blond, red, light brown or other light colored hair. Except for 
the differences indicated above, this embodiment of the invention operates in the same manner 

10 described for earlier embodiments, including the cooling of contact device 46, the deformation of 
the skin in the region 20, and the preferred optical irradiation, with the exception that lower 
frequency may be allowed when using the chromophores. 

Fig. 10B illustrates another alternative embodiment of the invention wherein the contact 
device or applicator 46' is modified so as to simultaneously expose both sides of a skin fold. 

15 This further increases the relative delivery of light to the deep portion of the follicles. In Fig. 
10B, the contact device has for example an opening or slot 1 10 in the face of the applicator into 
which the area 20 of the skin may be drawn by for example vacuum or suction being applied to 
line 1 12 leading into the top of slot 1 10, the skin in slot 110 being formed into a fold 113. 
Radiation may be applied through a fiber-optic bundle 1 14 which divides to apply the radiation 

20 to lenses 1 16 on either side of slot 1 10. Cooling water may be flowed over the surfaces of lenses 
1 16 through a line 1 1 8. Alternatively, two applicators similar to those shown for example in Fig. 
2A or2B can be positioned on opposite sides of a skin fold formed by clamping the skin region 
therebetween or by other suitable means. 

The advantage of folding the skin as discussed for the above embodiments is that 

25 radiation is applied to a relatively thin section of skin from both sides. Thus, the papilla of a 
given follicle may be receiving radiation not only from the lens 1 16 on the side of slot 1 1 0 where 
the follicle is located, but also some radiation from the lens 1 16 on the opposite sides of the slot. 
Thus, energy applied to the papilla of each follicle is increased without increasing the energy at 
the surface, thus facilitating hair removal with less pain and injury. By making the slot 110 

30 relatively narrow, pressure is applied to the skin on both sides of the slot, the skin being 

compressed between the walls of the slot. The advantages of compressing the skin, including 
removing blood therefrom and reducing the distance from the skin surface to the papilla, are thus 
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also achieved by this embodiment of the invention. Clamping to form the fold would also apply 
pressure to the skin. 

It may also be possible to utilize the teachings of this invention for short term hair 
removal, the device serving as for example a razor which might provide a shave lasting for 
5 perhaps one to two weeks. This is achieved by applying the fluid/chromophore to the region 
which is to be "shaved" which region has preferably been shaved using conventional techniques, 
but not epilated. In this case the chromophore can only migrate a few millimeters into the 
follicle, to for example the level of the sebaceous gland. Excess chromophore may then be 
removed, and the contact device of this invention utilized with relatively low level radiation to 
10 heat the chromophore, and destroy the hair surrounded thereby, without substantial damage to 
either the skin or follicle. 

Further, while cooling water has been shown for the preferred embodiment to cool 
contact device 46, this is not a limitation on the invention and other cooling techniques may be 
utilized. For example, a low temperature gas or liquid gas may be passed over the contact device 
1 5 for cooling purposes or the contact device may be sufficiently cooled prior to use so that it can 
continue to perform the cooling function during irradiation without having a cooling medium 
passed thereover. Other cooling techniques known in the art may also be utilized. 

Other embodiments are within the scope of the following claims. For example, the 
contact device may not be cooled or cooling of the epidermis may be performed without an 
20 applicator (for example cryogenically). Where an applicator is not utilized, radiation is applied 
directly to the region of interest after passing through the appropriate optics. 

Thus, while the invention has been particularly shown and described above with 
reference to preferred embodiments, the foregoing and other changes in form and detail may be 
made therein by one skilled in the art without departing from the spirit and scope of the 
25 invention. 
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1 . A method for the simultaneous removal of a plurality of hairs from a skin region, each 
hair being in a follicle extending into the skin from a skin surface, the method comprising the 
steps of: 

(a) placing an applicator in contact with the skin surface in said skin region; and 

(b) applying optical radiation of a selected wavelength and of a selected fluence 
through said applicator to said skin region, said applying step lasting for a predetermined time 
interval. 

2. A method as claimed in claim 1 including the step of (c) utilizing said applicator to cool 
the skin surface in said skin region to a selected depth. 

3. A method as claimed in claim 2 wherein the skin has an epidermis layer which is the 
layer of the skin closest to said skin surface, and wherein said selected depth is substantially the 

5 depth of said epidermis layer. 

4. A method as claimed in claim 2 wherein step (c) includes the step of (d) cooling at least 
the surface of said applicator in contact with said skin surface both during step (b) and prior to 
the performance thereof. 

5. A method as claimed in claim 4 wherein step (d) is performed by passing a cooling fluid 
through said applicator. 

6. A method as claimed in claim 4 wherein step (b) is not performed until the skin surface in 
said skin region has been cooled to substantially said selected depth. 

7. A method as claimed in claim 2 wherein step (c) is performed during step (b), and 
wherein said selected fluence and said predetermined time interval are selected such that there is 
at most minimal heating of skin in said skin region to said selected depth, while causing 
sufficient heating of at least one of hairs and follicles below said selected depth to at least 
damage said hairs and follicles without causing significant damage to tissue surrounding said 
follicles. 
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8. A method as claimed in claim 7 wherein said selected fluence and said predetermined 
time interval are such as to result in the substantial destruction of said follicles. 

9. A method as claimed in claim 7 wherein said selected time interval is 2 to 100 ms. 

5 

10. A method as claimed in claim 1 wherein step (b) includes the step performed by the 
applicator of converging the optical radiation applied to said skin region. 

11. A method as claimed in claim 1 wherein during steps (a) and (b) pressure is applied to the 
10 applicator so as to cause the applicator to deform the skin region thereunder. 

12. A method as claimed in claim 1 1 wherein the applicator has a convex surface in contact 
with the skin surface. 

15 13. A method as claimed in claim 1 wherein step (a) includes the step of forming a fold of the 
skin in said skin region, and wherein, during step (b), optical radiation is applied to two 
substantially opposite sides of said fold. 

14. A method as claimed in claim 13 wherein the applicator has a slot formed in the surface 
20 thereof in contact with the skin surface, wherein during step (a) at least a portion of the skin 

region is drawn up into said slot, and wherein during step (b) optical radiation is applied to the 
skin region from at least two opposite sides of said slot. 

15. A method as claimed in claim 1 wherein step (a) includes the step of (e) providing a 

25 substantial refractive index match between the applicator and the skin surface in said skin region. 

16. A method as claimed in claim 15 wherein step (e) includes the step of providing a layer 
of a refractive index matching substance between the applicator and the skin surface in said skin 
region. 

30 

1 7. A method as claimed in claim 1 including the step performed before step (a) of shaving 
the hairs in said skin region. 
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18. A method as claimed in claim 1 
the hairs in said skin region. 
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including the step performed before step (a) of epilating 



1 9. A method as claimed in claim 1 8 including the step performed after the epilating step but 
before step (a) of filling the follicles from which the hairs have been epilated with a substance 
which preferentially absorbs optical radiation at said selected wavelength. 

20. A method for the simultaneous removal of a plurality of hairs from a skin region, each 
hair being in a follicle extending into the skin from a skin surface, the method comprising the 
steps of: 

(a) applying optical radiation of a selected wavelength and of a selected fluence to 
said skin region, said applying step lasting for a predetermined time interval; and 

(b) cooling the skin surface in said skin region to a selected depth during at least one 
of step (a) and prior step (a); 

whereby at least one of the hairs and follicles may be heated and damaged without 
causing significant damage to the skin surface in said skin region up to said selected depth. 

21. A method as claimed in claim 20 wherein step (b) is also performed before the 
performance of step (a) to precool the skin surface in said skin region to substantially said 
selected depth. 

22. A method as claimed in claim 20 wherein step (b) is performed during step (a), and 
wherein said selected fluence and said predetermined time interval are selected such that there is 
at most minimal heating of skin in said skin region to said selected depth, while causing 
sufficient heating of at least one of hairs and follicles below said selected depth to at least 
damage said hairs and follicles without causing significant damage to tissue surrounding said 
follicles. 

23. An applicator suitable for use in practicing the method of claim 1 comprising: 
an inlet through which optical radiation is applied to the applicator; 

a surface shaped to contact the skin surface in said skin region; 

an optical path from said inlet to said surface which path is substantially transparent to 
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optical radiation at said selected wavelength; 

an element in said optical path for converging the optical radiation as it leaves the 
applicator through said surface; and 

means for cooling said surface to a temperature below that of the skin region. 

5 

24. An applicator as claimed in claim 23 wherein at least said surface is formed of a material 
having a refractive index which substantially matches, but which is not less than, the refractive 
index of the skin surface in said skin region. 

10 25. An applicator as claimed in claim 23 wherein said element is a lens. 

26. An applicator as claimed in claim 23 wherein said means for cooling is a channel near 
said surface through which cooling water is passed. 

1 5 27. An applicator as claimed in claim 23 wherein said surface has a convex shape. 

28. An applicator as claimed in claim 23 wherein said surface has a slot formed therein, 
wherein said optical path leads to at least two opposite sides of said slot, and including means for 
drawing at least a portion of said skin region into said slot. 

20 

29. An applicator as claimed in claim 28 wherein said means for drawing includes means for 
applying vacuum to said slot. 

30. Apparatus for the simultaneous removal of a plurality of hairs from a skin region, each 
25 hair being in a follicle extending into the skin from a skin surface, the apparatus comprising: 

an applicator which is adapted to be in contact with the skin surface in said skin region; 
a source of optical radiation of a selected wavelength, selected fluence and selected 
duration; and 

means for applying the optical radiation from said source to said applicator, the optical 
30 radiation being passed through the applicator to said skin region. 



3 1 . Apparatus as claimed in claim 30 wherein said applicator has a surface in contact with the 
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skin surface, and including means for cooling said surface of the applicator below that of the skin 
region. 

32. Apparatus as claimed in claim 3 1 wherein said means for cooling is a channel near said 
5 surface through which cooling water is passed. 

33. Apparatus as claimed in claim 31 wherein said source of optical radiation is a laser, and 
wherein said selected duration is 2 to 100 ms. 



10 
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YcTpoHCTBo jut* Jia3epHOH o6pa6oxKH 
6HononfMecKOH tkzihh (ero BapHaHTbi) 

OGjiaCTb TeXHMKH 

H3o6peTeHHe othochtc* k mcjimuhhckoh TexHHKe h moxct Gbrrb 
5 Hcnojib30BaHO b XHpyprMH, opToneaHH h croMaTOJiorH h juih o6pa6oTKH 

MflrKHX H TBCpilblX 6HOJ10rHHeCKHX TKaHCH. 

FIpenujecTByioiHHH ypoBeHb tcxhmkh 
H3BecTHo ycrrpoHCTBo w% oGpaGoTKH TKaHefi 3y6a jia3epHbiM 
H3JiyHCHHCM (nareHT WO 90/01907, A61C 5/00, aaTa nyGjinicauHH 08.03.90), 
10 coaepacauiee nooneaoBaTCJibHo pacnojioxeHHbie Bao/ib onraHecKOH och 
MMnyjibcubiH Jia3ep h cpeacTBo aocraBKH H3JiyHeHHfl k 3y6y, Biaifonaioiuee 
0Tpe30K onTHHecKoro bojiokhu, bxoh KOToporo onTHHecKM conpaxen c 
BbixoaoM Jia3epa, h naKonennHK, Bxoa KOToporo onTHHecKH conpaxen c 
BbixoaoM onTHHecKoro bojiokhu, a Bbixoa ^bjihctch BbixoaoM ycrpoHCTBa. 
15 npMHCM, b KanecTBe Jia3epa moxct 6biTb Hcnojib30BaH Kax HeoaHMOBbifi, tuk h 
rojibMMeBbiM mjim spGneBbw Jia3epbi. 

OcHOBHbiM HeaocrraTKOM aaHHoro ycrpoHCTBa jnyiaeTCH HeB03Mo>KHocTb 
6bicrpofl 3aMeHbi oanoro Jia3epa ua apyron b 3aBHCHMocrH ot Twna 
o6pa6aTbmaeMOH TKaHM, a TaKxe BbicoKaa onacnocTb naiieceHHM Jia3epHOH 
20 TpaBMbi. 

H3BecTHo TaKxee Jia3epnoe ycTpoHCTBo HJ151 JieneHHfl 3y6oB, KOTopoe 
amiae-rca iianGo/iee 6jih3khm no TexuMMecKofi cyuiHocTH h npmurro 3a 
npoTOTHn (naTeiiT WO 90/12548, A 61C 5/00, aaTa nyGjiHKaiiHH 01.1 1.90). 

3ro ycTpoHCTBo coaepxMT Gjiok ynpaiuienna, ana HMnynbciibix Jia3epa, 
25 onTHHecKne och KOTopbix naparuieribHbi, pacnoJK»KenHbie na onTHsecKOH och 
BToporo Jia3epa, c^oKycHpyioinyio cucTCMy h 0Tpe30K onTHwecKoro BOJioKua c 
HaKoneHiiHKOM. Ha onTHsecKHM ocmx oGohx Jia3epoB pacnojioxeHbi noa ynioM 
45° k ochm oriTMHecKM conparccmibie Meacay coGoh, c}K)KycHpyiomeH chctcmoh 
h oriTHMecKHM bojiokhom 3epKana. 3epKaJio, pacnojioxemioe ua och nepBoro 
30 jmepa oTpaacaTeJibiioe, a ua och BToporo Jia3epa - anxponHiioe, 
T.e.cejicKTHBiio oTpaxaTe/ibHoe aJia aJiniibi bojiiim H3JiyHeiiHH nepBoro Jia3epa 
h npo3paHHoe jwx juihhm Donnw H3JiyHeiiHH nxoporo. 

OcHOBiibiM neaocTaTKOM npoTOTHna flonaeTCH HeaocTaTOHiiaa 
•>^eKTHBHocTi> ero npHMeneHH^ npn ncpexoae or pexHMa onuoro thiiu 
35 oGpaGoTKH k apyroMy h onacnocTb HaiieceHHH TpaBMbi, cB5naiiiiaa c 
oTcyrcTBHeM chctcmi>i onpeacnenHH BHaa oGpaGaTbiBacMOH TKann. 

PaCKpi>ITHC H3o6peTenHfl 
3aaana, na pemenne Koropofi iianpaiviieno 3a>uuiHeMoe H3oGpereiiHc, 
3aKJiioMaeTCH b co3aannn ycTpoHciBa xuih Jiaiepnofi oGpaGoTKH GnonorHMecKOH 
40 TKaiiH, Bbino/iHHioinero Bee BHabi \na3epiibix onepaunn b xnpyprnn, opToneann 
h cTOMaTOJiornn, c oGecncneiiHeM npn s>tom bo3Moxhocth GbicTporo nepexoaa 
ot oanoro THna oGpaGoTKH k apyroMy h MHUHManbiiofi HUBaimuiocTH. 

yKa3ainia5i 3aaana pemacTCH npn ocymecTiuieiiHH HioGpeTeiiHfl 3a cmct 
aocTHxeiiHH TexHHMecKoro pe3yjn»Taia, 3aKJiioHaioiuerocH b onTHMH^auHH 
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pexMMOR o6pa6oTKM h riapaMCTpou Jiajepnoro tnJiyHenHH b jaBHCHMocrH err 
THna oGpaGoTKH h BHiia GnojiornMecKoft TKaHH. 

yKaiaHHbiM tcxhhmcckmm pdynbTaT npH ocyiuecTaneHHM M3o6peTCHHH 
flocrnraeTCfl TeM, hto b ycrrpoHCTBO ana Jia3epnofi o6pa6oTKH GnojiorHHecKon 
5 TKaHH cojiepxcaiiiee 6jiok ynpaBJieHHH, Bbixojibi KOToporo coenHHeHbi c 6jiokom 
nHTaHH^ Jia^epoB, HMnynbCHbie Jia^epw, onTHMccKwe och kotopmx 
napanjienbHbi, oiitmhcckm conpaxeHHbie oTpaacaTejibHoe h ccjickthbho 
oTpaxaTCJibHoe wn jmmm bojihu nepBoro jiaiepa h npo3paHHoe una iuiHHbi 
BOJiHbi BToporo Jiaiepa 3epKaJia, ycTaHOBJieHHbic Ha ocax nepBoro h BToporo 
10 jia3epoB c oot bctct Be h n o , ycrraHOBJienHbie Ha onTHHecKon och BToporo Jiaiepa 
(Jx)KycHpyiouiyK) cncrreMy h onTHHecKoe bojiokho c HaKOHeHHHKOM, Bbixon 

KOTOporO flBJlfleTCfl OHTHHeCKHM BblXOJIOM yCTpOHCTBa, BBeAeH XOT5I 6bl OJ1HH 
npHCMHHK HH(jX)pMaUHH O COCTOflHHH f)HOJ10rHHeCKOH TKaHH, BXOH KOTOpOTO 

conpflacen c mcctom boiuchctbhm Ha TKanb, a Bbixoa coeuHiieH c bxojiom 
15 6jioKa ynpaBJieHHH, Bbixojibi KOToporo coeAHiieiibi c BxoaaMH 3JieKTponiibix 
KJHOHeH, ycTaHoanennbix b uenax coejinnenHfl Kaacnoro Jiaiepa c Gjiokom 
HHTanHM. OrpaxaTejibnoc lepKano ycTanouneno c ko'smoxchoctlio BbiBojia ero 
m xona HuiyMCHHH, a na ohthmcckoh och nepBoro jmepa nocriejumaTcnbHO 
no xoay HUiyMCHHsi pacnojiorcenbi (froKycupyioiuafl cncreMa h onTHHccxoe 

20 BOJIOKHO C HaKOHeHHHKOM, BblXOjl KOTOpOR) 5IBJ15ICTCH XlpyTHM OHTHHeCKHM 
BblXOJIOM yCTpOHCTBa. 

Bo/iee 3(|)cJ)eKTH bho yKaianiibifi TexiiHHecKHH pe3yjibTaT flocraraeTCH 
TeM, hto b ycTpoficTBo ana Jiaiepiiofi o6paf)OTKH GHOJIOrHMeCKOH TKaHH, 
cojiepacaiuee Cxtiok ynpaanenHM, bi,ixohi»i KOToporo coejwnenbi c 6/iokom 

25 nuTaiiHM JiaiepoB, HMnyjibcin.ie Jiaiepbi, ohthmcckhc och KOTopwx 
napanjicjibiibi, ohthmcckh conpaxenHMc oTparcaTcjibnoc h ccjickthbho 
oTpaxaTcnbiioe ana juihhm bojjhm nepBoro Jiatepa h npo'ipaniioc jihm juihhi.i 
BOJiHbi BToporo Jiaiepa 3epKajia, ycTaiionjicnnbie na ocax nepBoro h BToporo 
JiaiepoB co( )T bctct Be h n o , ycTanoiyiciiiibie na ohthmcckoh och BToporo jiaiepa 

30 (}x)KycHpyioLny]() cnereMy h oiithhcckoc bojiokho c hukohchuhkom, bmxou 
KOToporo HBmeTca ohthmcckhm BbixojioM ycrponcTBa, BBenen Tperwn 
HMnyjibcubiH Jiaiep, onTHHecKan ocb KOToporo naparuicnbiia ohthhcckhm ochm 
AByx iipyrnx JiaiepoB, a na ero och ycTaiioiuieiio oTpa*aTeJibnoe 3epKajio, 
npHHeM oTpaxaicjibHbie 3cpKajia ycTanoiuieiibi c lunMoaaiocrbio Bbisoiia hx M3 

35 xoiia H3jiyHeiiHH. Ha ohthmcckoh och BToporo Jiaiepa 3a ccjickthbiilim 
^epKarioM ycTanoB/ieno Bropoe ccjickthbho oTpaxaTciibiioc juia mimiM bojihm 
TpeTbcro Jiaiepa h npoipannoe jxnn ujihiii.i bo/iiim ncpuoro h BToporo jiatepoB 
^cpKajio, onTHMecKH conpMxeiinoc c 0Tpa>KaTcribHbiM 'iepKanoM, 
ycTaiioivieinibiM na och TpeTbcro Jiaiepa, c ^oKycnpyiomeH chctcmoh h 

40 BxoaoM onTHMecKoro BojioKua, pacnojio)Kenni»ix na och BToporo ziaiepa. 
KpoMe Toro, na Ka)KiioH hi ocen nepBoro h TpeTbero JiaiepoB 
nocjiejioBaTejibHO no xony nmy^jenHJi pacno/ioxeiibi (})OKycHpyiouiaM cncreMa 

H OnTHMeCKOC BOJIOKHO C IiaKOHCMHHKOM, BblXOHbl KOTOpblX JIBJI^IOTC^ 
OnTHMCCKHMH BXOHaMH yCTpOHCTBa. YcTpOHCTBO TaKxe cna6)KeHo xoth 6m 
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OilHMM npHCMHHKOM HllcjlopMaUHH O COCTOflHHH GHOJIOrHMeCKOH TKaHH, BXOil 
KOTOpOIO COnp»)KeH C MCCTOM B03iieHCTBH5J Ha TKUHb, a BblXOZl COeUHHeH c 

BXOiioM 6;ioKa ynpa&neHHa, Bbixojibi KOToporo coejiHHeHbi c BXOnaMM 
ajieKTpoHHbix K/iioMeA, ycrauoBJieHHbix b uenax coenHHeHHfl Kaamoro Jia3epa c 

5 6J10KOM IlHTaHMH. 

IlpHCMMHK MH(]x)pMaUHH O COCTOHHHH 6HOJIOrH4eCKOH TKaHH MO*eT 

6brrb BbinojiHeH b BH,ue cneKTpoananH3aTopa b oSjiacTH 200 - 1500 hm., bxoh 

KOTOporC) OnTMHeCKH COnpaXeH C MCCTOM B03HCHCTBHJI Ha TKaHb H 

cocToamero m iwcnepcHOHHoro 3JieMeHTa t jihhchkh (^xvroiieTeKTopoB h 

10 3JieMeHTa CpaBIieHHH. IlpHeMHHK HIIcfropMailHH O COCTOflHHH GHOJIOrHMeCKOH 

TKaHH TaKxee MoxeT 6biTb BbinojiHeH b bhuc (fxrroajieKTpHHecKoro npneMHHKa 
HHcfrpaKpaciioro H3JiyMeHHfl, bxoa KOToporo ohthhcckh conpaacen c mcctom 
BomeficTBHH na TKanb nocpeacTBOM noBopoTnoro lepKa^a, pacnonoxeHHoro 
na onTHHecKofi och ;ia3epa Meamy bmxoahhm lepKa^oM Jia3epa h 
15 (}x)KycHpyiomcH chctcmoh nepei (JiHJibTp c nojiocon nponycKanna, 
MCKJiioHaiomeH nonanaiiHe na nptieMHHK H3JiyneHHH ziaiepa. 

npHCMHMK HII(})OpMaUHH t) COCTOHIIHH GHOJIOrHMeCKOH TKaHH MOXeT 

6biTb eiue BbiiiojiHcn b bhuc aKycTHMccKoro npneMHHKa, ycTano&neHiioro 
TaKHM oGpasoM, mto nanpaiuiciiHc em MaKCHMa^bHOH HyBCTBHTeJibnocni 
20 cocTaiuiaeT c iianpaivieHHeM ohthmcckoh och lia Bxone HaKoncMHHKa ymn a, 
yHOBJieTBopHiouiHH yanoiuiio: ll°<a<86°- 

3/ieKTpOHHI.lH KJHOM MOXCCT GblTb BblllOJlHeH B BHUC 

no/iynpoB(>iuiHKOBoro hjih ^JicKTpoBaKyyMiioro nepeKJiioMaTe^a. 

flonojiiimejibiio, ycTpoHCTBo cnaGxeno chctcmoh opouieiiHa 30Hbi 
25 oGpaooTKH, coctohluch in pctcpnyapa ana boaw c BOiianbiM nacocoM h 
B03Ayinnoro KOMnpeccopa, cooTBCTCTByionuic iimxoam Koiopwx ofvbeumieiibi b 

HaKOHCMIIHKaX H HLViaiOTCH HppHraHHOHHblMH BblXOHaMH ycrpoHCTBa, a 

BomyunibiH KOMnpcccop b Mecre cochhiiciihh c B03ityxonpoBoiiaMH cnaGtten 
c)JicKTpoMan i hti HiiMH KJiananaMH, nojiKJiioMcimbiMH k BbixoiiaM G/iOKa 
30 ynpaaneiiHH nepe* jihhhh iaitepjKKH. 

H3BCCTHO, HTO ^C^CKTHBHOCTb /la^CpiIOH oGpaGoTKH GhOJIOTHMCCKOH 
TKaHH C OilHOBpCMCHHbIM oGcCIICMeilHeM HH3KOH HHBaiHBHOCTH (CTCHCHH 
HeKpOia) 3aBHCHT OT ZUlHHbl BOJIHbl H MOU1IIOCTH JiaiCpiIOro H3JiyMCHHM, 
SlieprHH H BpCMCIIH Jia3epHOm B03AeHCTBHfl H, HJIH HCKOTOpblX BHUOB TKaHH, 

35 >KHjiKocTHoro opomeiiHfl 30HM /ia3epnoH oGpaGoTKH (cm., nanpnMep, 
Proceeding of ... Laser-Tissue Interaction V 24-27, January 1994, Los 
Angeles, California Vol 2134A). 

HccrieiumaiiHH, nponeacHnbic aivropoM, noKa3aJin, mto npH citom 
neoGxouHMa oHiioBpeMeiinaM oiiTHMrnaiuiH yKaniinibix napaMCTpoB ana 

40 Kaacuoro BHJia GnoTKaiui. Hmmmh cjioiuimh, neofixoHHMbi: 

1. BOiMOXHOCTb BblGopa onTHMaJIMIblX ZIJIHII BOJIH H3JiyMCIIHH JiaiepOB HJIH HX 
CMeCH, 
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2. perncTpauHfl npouecca Jiaiepnofl necTpyKUHM, BHaa m coctohhmh GnoTKaHM 
h ynpaaneHH^ jltimhoh bqjihli, moiuhoctlio, anepraeH m BpeMeHeM Jia3epHoro 

iieHCTBMfl, 

3. CHCTCMa opoiucHHH lOHLi Jia3epnoH oGpaGoTKH. 

5 COBOKynHOCTb BBejieHMhIX B yCTpOHCTBO XOTH 6bl OJIHOm npHCMHHKa 

MH(}X)pMaUMH O COCTOaHHH oGpaGaTblBaeMOH 6HOJ10rHMeCKOH TKaHH, BblXOfl 

KOToporo coejiHHeH c bxohom 6;ioKa ynpaBJieHHH, h 3JieKTpoHHbix KJiJOMefi, 
ycTaHOBJicHHLix b uenflx nuTaHMH JiaiepoB m ynpaBJiaeMbix BbixoiiHbiMH 
CHmzuiaMH 6/ioKa ynpaaneHHfl, npejicTaBJiaioT coGoh cncreMy oGpaTHofi cbjhh, 
10 KOTopaa o6ecnesMBaeT aBTOMaTHHCCKHc KOHTpoJib h orrraManbHoe ynpaBJieHHe 
napaMeTpaMM H3JiyweHHH Jiaiepos b 3aBHCHMocrrn ot BHua h coctohhhh 
o6pa6aTbiBaeMOH TKaHH h, TeM caMbiM, o6ecneMMBaeT MHHHManbHyio 

MHBa3HBHOCTb. 

Heo6xonMMOCTb aBTOMaTHHecKMX KOHTpojia h ynpaaneHHfl Bbi3Bana 
15 nacTo B03HMKaiomeM HeB03MO)KHocTbK) BH3yanbHoro onpeaejieHHa BpanoM 
cocToaHHH oGjiynaeMofi TKann h ee BHAa. 

HajiHMHe nByx ne3aBMCHMbix BbixonoB b ohhom ycTpoficTBe Gjiaroaapfl 
B03MOXHOCTM BbiBona OTpaacaTejibnoro Bepxa^a m xona H3JiyneHHfl nepBoro 
zia3epa, a TaKtte bo'smoxciiocti» cMeuiHBaima H3JiyHeHHH iiByx Jia3epoB 
20 noBbimacT a^cfreKTHBHocTb paGcrrbi npn oGpaGcrnce Ghotkuhh. 

HaJlHMHe B OJ1HOM yCTpOHCTBe AJIH o6paf)OTKH GHOJIOrHMeCKOH TKaHH 
TpeX ^a3epOB C paiHHMIIblMH HJlHIiaMH BOJ1H H3JiyMeHHM M HC3aBHCHMbIMH 

BbixoaaMH h c B03MO)KHocTbK) cmciumbunhm H3JiyneHHH oGecnewHBaeT 

HaMGojIbUiyiO MoGHJIbHOCTb IipHMCIICIIHtt yCTpOHCTBa M MaKCMMaJlbHO 

25 paciunpaeT ero boimoxcuocth. HanpHMcp, npn oiiiionpeMCHHOM BcnueHCTBHH 
ro/ibMMCBbiM m McoiiHMOBbiM JiaiepaMH iiu oGhjimio KpoBoiiacbimeimbie opraiibi 
ciiHMacTCH onacnocTb KponnTCHcmui npn iiecaiiKUHoiiMpoBaiiHOH nep^opaunn 
Kpyniibix KpoBdiocubix cocyiioB, a coneTaHHe H3JiyneHHH ^pGneBoro Jia3epa c 

HCOflHMOBbIM H rOJIbMMCBbIM ScJxJ^eKTHBHO npH o6paf)OTKe KOCTHblX TKailCH II 

30 TBepiibix TKanen 3yGa. JLtih cMCLUiiBaiiHH H3JiyHeHHfl TpeTbero Jia3epa c jiByKoi 
iipyrHMH hjih Ka>KHbiM H3 mix BBenenbi oTpaxaTe^bHoe H CCJieKTHBHOe 
3epKajia, ycTanoBJiemibie cootbctctbciiiio na ocax TpeTbero m BToporo 
Jia3epoB, a BcnMoauiocTb BbiBojia oTpaxaTCJibHbix 3epKa/i H3 xona H3JiyHeHHa h 
iiajiMMHe aononiiHTejibiiMx cjioKycHpyioLiiHx chctcm h onTHMecKHx bojiokoii 

35 oGecneHHIUieT HC3aBHCMMOCTb Tpcx OIlTHMeCKHX BblXOflOB yCTpOHCTBa. 

flonOJIHHTeJIbllO BBCiieiIHa>l B yCTpOHCTBO CHCTeMU opOUJCHMfl, 

ynpaiviHeMaa ajicKTpoMarmiTiiMMii KJiaiianaMM, nozuouoweimbiMH k BbixoiiaM 

fuioKa ynpanJienHtf oGeciiennBaei oriTHMaJibiioc coHCTaunc pokhmob 
oGjiyHeiiMfl h opoujeiiHM TKaiiH. 

40 rio cBeneHHJJM aBTopa coBoKynnocrrb M3Jic»KeHHbix b (Jx^pMyjie 

H3oGpeTeiiHH npH3naKou HBJi^eTcji hobom, a caMo TexnnMecKoe pemeiiHc 
yHOBJicTBopjieT KpHTepnio M H3oGpeTaTejibCKMH ypoBenb". 
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KpaTKoe onHcanne HepTOKen 
CyuiHocTb moGpeTeHHfl noHCHfleTca Ha (fwrypax, rue 
cjw.l - H3o6paxaeT cxeMy ycrrpoHCTBa ana Jia3epHon o6pa6oTKM GnoTKaHH, 
cJ)Hr.2 - cxeMy BapnairroB Bbino/ineHHH h pacno/ioxeHHa npneMHHKOB 
5 HH(f)opMaiiHH o coctohhhh oGpaGaTbmaeMOH GHOTKaHH. 
(jwr.3 - cxeMy ycrrpoHCTBa npn HajiHHHH Tpex JiaiepoB 
(f)Hr.4 - cHcreMy HppHrauHH. 
(JiHr,5 - 6jioK-cxeMy Gjioica ynpaBJieHHfl. 

YcTpOHCTBO JU1H JiaiepHOH o6paC)OTKM 6HOJ!OrHMeCKOM TKaHH ((Jinr.l) 

10 coctoht mi 6jioKa ynpa&neHHH 1, coeaHHemioro c hhm 6/ioKa riHTanHfl 2, 
MMny/ii>cnbix jiaiepoB 3 m 4, coeflHiiemibix c Gjiokom nHTaHHH sepei 
sjiacrponHbie *jiiohh 5 h 6, KOTopwe nonKJiioHenbi k BbixonaM 6/ioKa 
ynpaancHHH 1. Ha onTMHCCKMX ocax JiaiepoB 3 h 4 pacnojioxenbi, 
cooTBeTCTBeHHo, oTpaxcaTC/ihHoc lepKario 7 h cejieKTHBHoe lepxajio 8, 

15 KOTopbie onTHHecKH conpaxenbi Me>Kiiy coGoh, f}ioKycMpyiomeM chctcmoh 9 h 
BbixomibiM TopuoM onTHHecKoro nojioiciia 10 c naKoneHHHKOM 11, 
pacno^oKemibix Ma onTHsecKofi och Jiaiepa 4. CeJieKTHBiioe lepxajio 8 
oTpaxcaTCJiMio juifl mnyHeHHJi c iinmioH bojihi>i jiaiepa 3, no npmpaHiio HJia 
MUiyneiiMH c juihhoh bojiiii,! Jiaiepa 4. Pacnojioxccmioe na onTH l iecKOH och 

20 Jiaiepa 3 oTpaxaTe^bnoe lepxajio 7 nojucjiioMeno k Bbixony GjioKa ynpaiuieHHfl 
1 m b nunoxeimu A ycTaiiaiunmaeTCfl non yr/ioM 45° k och, a b noJioxenHH B 
naparuicnbiio eft. Ha ->toh >kc och ncncii *a lepicaJioM nocnenoBaTenbHo na 
xony Huiy^iciiHM pacnojioxeiibi c^oKycupyioiuaM cncTeivia 12 h ohthhcckoc 
BojioKiio 13 c HaKoncHHHKOM 14. K Bxojiy fuioKa ynpaiuieHHM 1 noinuiioHCH 

25 ^JlCKTpHMCCKHH BMXOJI IlpHeMHHKa HHcjlOpMailHH O COCTOJIIIMH 6 H OJ1 0 rH M eC KOH 

TKaiiH 15, Bxoii KOToporo conpaHCcii c mcctom boiuchctbhji na GnoTKaiib 16. 
CncTeMa nppurauHH 17 noiuuunwciia k tcm )kc BbixonaM GjioKa ynpaBJiemifl 1, 
hto h Gjiok rniTaiiHH 2, a ee bohhiioh h BomyiuiibiH Bbixonbi 18 h 19 

O&bejlHIieilM B IiaKOIICMlIMKC 11 (14). 
30 JlyMUJHH BUpHUHT OCyLUCCTIUlCHHH H U>GpCTCl IHH 

Ha cjwr.2 npencraiuicn Bapnairr ycrponcTBa c rpeMfl jiascpaMii 3, 4, 20. 
Ha ohthmcckoh och Jiaiepu 20 ycraiioiuiciio orpaxcarejibHoe lepxajio 21, 
Koropoc TaK xe, KaK h mpaxarejiMioc icpKaJio 7, nojiKJiioneHo k GjioKy 
yiipaiuieiiHJi 1 , h b iiojioxciihm A ycrauaiviHBacTCfl nozi ynnoM 135° k 

35 onTHHccKofi och, a b nojioxcmiM B naparuicjibiio en. Ha ->toh xc ohthmcckoh 
och pacnojioaceiibi fJx)Kycnpyioiuaji cncrcMa 22 h bxojihom Topcn onTHMccKoro 
BoJioKiia 23 c HaKoncHHHKOM 24. Meatuy (fioKycnpyiomeH chctcmoh 9 h 
ceJieKTHBiibiM lepKanoM 8 ycraiioiuicHo BTopoc ceJieKTHiuioc 3epKam> 25, 
KOTopoc onTHHecKH conp>i>Keiio c jcpKaJioM 21, (|ioKycHpyioineH chctcmoh 9 h 

40 BXoaiibiM topuom oiiTHwecKoro Bo;ioKiia 10. Ccjickthbhoc lepKaJio 25 
oTpa>KaTe^bno nnx h uiynenHH c hjjhhoh BoJiHbi Jiaiepa 20, no npoipanno jma 
H-inynenHH c juimiaMH bojiii jiasepoB 3 h 4. Bjiok nirraiiMfl 2 coenHiien c 
^aiepoM 20 nepei ajieKTpomibiH kjiioh 26. 
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PaiHOBHflHOCTflMM npHCMHHKU HH(}x)pMaHHH 15 O COCTOHHHH GhOTKUHH 

16 MoryT 6biTb kqk cneKTpoanajiH3aTop 27 ((f)Hr.3), bxoh KOToporo 

OIITHHCCKM COnp^JKeH C MCCTOM B03JieHCTBHfl MU GHOTKUHb 16, H KOTOpbW 

coctoht M3 HHcnepcHoimoro 3/ieMenTa 28, jihhchkh (}x)ToiieTeKTopoB 29, 
5 pacno/ioxeHHOH b Mecrc cooTBeTCTByiomeMy oG/iacTH juihh bojih 200 - 
1500hm h aneMeHTa cpaBHeHH* 30; TaK h (Jx)T03JieKTpHHecKHH npneMHHK 
MHrjipaKpacHoro M^yMeHMH 3 1 , onTHHecKH conpajKennbiH c mcctom 

B03JlCHCTBMa Ha GHOTKaHb 16 nOCpeflCTBOM OflTHMCCKOrO BOJIOKHa 13 (10, 23), 

cJxHcycnpyioiueH CHcrreMbi 12 (9, 22) h noBopoTHoro 3epKana 32, 
10 pacnojioxeHHoro Meacay (JjoKycwpyioiHeH chctcmoh 12 (9, 22) m 3epKanoM 8 
hjih HenocpencTBemio nepen BbixoiiHbiM 3epKanoM Jia3epa 3 (20). Flepefl 
onTHHecKHM bxoaom cfioTo aneKTpHHecKoro npneMMMKa 31 ycTaHOBJien 
MH(f)paKpaciibiH (})HJibTp 33, no/ioca uponycKanHH KOToporo HciunoHaeT 
nonajiaHHe iia cJxvro-iJieKTpHHecKHH npHCMHHK 31 H3JiyneHHa Jia3epa. B 
15 KawecTBe npMCMUHKa Hii^opMauHH 15 o coctohiimh Gno/iorHHecKOH TKaHH 16 
MO)KCT 6bITb H aKVCTMMeCKMH npHCMHHK 34, pacnoJioxemibiH bGjih3h MecTa 
B03neMCTBMH Ha TKaHb TaK, HTo naripaivieHHe ero MaKCHManbuow 

HyBCTBHTeJlbHOCTH COCTaiUIJieT C onTHHCCKOH OCbK) H3JiyHCHHH iia BblXOiie 

HaKoiicMHHKa 11 (14, 24) yroji a, JioKauinfi b ripeaejiax ot 1 1° zio 86° . 

20 B CBH3H C TeM, HTO MHCJIO npHCMHHKOB HII(|lOpMaHHH O COCTOflHHH 

C)HOTKailH MO>KCT KOJIcGaTbCH OT OjHIOlO iU> RCHXTU (UO KaXUlOMy BHfly, OKOJIO 

Kaamoro iiaKoncHHHKa), kojihhcctbo bxouob Gjioku ynpaBJieiina moxct Gbrrii 
paniio iicBHTH). 

QiCTCMa opoineima 30111.1 oGpaGoTKH 17, moGpaxcimaji 11a (jinr.4 
25 coctoht H3 pciepByapa ajim boju,i c bohhiii.im nacocoM 35, k KOTopoMy 
npncoeiiHHeiia BOiionpoBoaamaa TpyGKa 18, h lunjiyiunoix) KOMnpeccopa 36. 
npHcoeiiHiiemibie k noiAyuiioMy KOMnpcccopy 36 Bo3uyxonpoBonjumic 
TpyGKH 19 cnaGaceiibi i)JieKTpoMan 1 hti i i>imh KJianaiiaMn 37, 38, 39, KOTopbic 
noaKJiioMeHbi k tcm xe BbixojiaM fuioKa yripaiuiciiHM 1, hto h Gjiok nHTaima 2, 
30 Hepe3 jimhhh iajiepxKH 40, 41, 42. 

YcTpoHCTBo paGoTacT cjiciiyioiUMM oGpa^oM. H'inyHCHHM Jia3cpou 3, 4, 
20, b cjiynae uaxoxuiciiHM oTpaacareJibiibix icpKari 7 w 21 b nojioacemin B, 
npofiua (jioKycnpyiouiHe chctcmm 9, 12, 22, oTpciKH oiitmmcckhx bojiokoh 10, 
13, 23 h naKOHCHUHKH 11, 14, 24 nocTynaioT na oiithhcckhc Bbixojibi 
35 ycTpoHCTBa. 

Ecjih oTpa>KaTc;ii>iibic lepKana 7 h 21 naxojiHTCfl b ncxnoxcciiHH A, 
innyMCHHe Jiaiepa 3, OTpa3HBiHHCb ot jepicajia 7 nonajiacT iia ccjickthbhoc 
iepKano 8 h, oTpaiHiwiHCb or neio, iiaiipaivuieTCfl bjjojii, oiitmmcckom och 
Jiaiepa 4. AnaiioniHiio, iipn houhmhh Jiaicpu 20, iruiyncimc srrom jiaiepa , 
40 orpa3HBUiHCii or jcpKana 21, a iutcm or ccjickthbhoio 3epKaria 25 TaKxe 
nanpaariHCTCM ujiojii> omthmcckoh och Jiaicpa 4. B pciyju/rarc, b cbh3h co 

CBOHCTBOM CeJICKTHBIlblX 3epKaM 8 H 25, B (jlOKyCHpyiOliiyiO CHCTCMy 9 H, TeM 

caMbiM na ohthmcckhh Bbixoa naKoiicHiiHKa 11 Moiyr nocTynaTb HiJiy^jciiH^ 
bccx Tpcx ^a3epoB ounoBpeMeimo. 
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Bi>i6op BHua npneMHMKa Hii(Jx)pMauHH 15 o coctohhhh Ghotkuhh 16 

3aBMCHT OT BHiia TKaHH M pOKHMa oGpaGoTKH, a TaKXC OT BHiia HaKOHeHHHKa. 
ripH pat)OTe C HeKOHTaKTHblMH HaKOHCSHHKaMH OCHOBHaH HaCTb Hl^yHeHHH 

3po3HOHnoro cfcaKeJia, BcnnHKaiomero H3-3a cBeneHHH yjianaeMbix sacTHu 

5 6HOTKaHM JieXCHT B BHUHMOH H GjIHttHHX yJlbTparjlMOJieTOBOH H HHfjlpaKpaCHOH 

o6jiacTflx cneKTpa (200 - 1500hm) m flBJiaeTca npwMMHOH hcbo3Moxhocth 
BH3yanbHoro Ha6;iiojieiiH5i BHiia h cocrroflHHfl GnoTKaHH. CneKTpaJibHbw cocTaB 

M3JiyMCHH^ 3p03HOHHOro (JxiKena 3aBMCHT OT BHUa 6HOTKaHH, n03TOMy 

Heo6xojiHM cncKTpanbHbiH aHanH3 3Toro H3JiyHeHHH, KOTopoe nonajiaeT Ha 
10 nMcnepcMOMHbiH 3/ieMeHT 28 cneKTpoaHa^H3aTopa 27, paiflaraeTca b cneKTp h 
nonaaaeT na JinneHKy cJxrrojieTeKTopoB 29, coejiMHenyio c aneMeirroM 
cpaBticiiMM 30. YpoBeiib Bbixonnoro 3/ieKTpHHecKoro cHnia^a 3JieMeirra 
cpaBiieiiHH30 cooTBeTCTByeT KoiiKpeTiion KOMGnnauHH iuihh bojih cneKTpa 
HTJiyneHUfl 3po3Hoimoro cJiaKCJia.3jieKTpHHecKMH cnrHan ot 3JieMeHTa 
15 cpaBiieHHH 30 cneKTpoanaJiH3aTopa 27 nocrynaeT Ha bxoa 6;ioKa ynpaBJieHHa 
1, rae Bb!pa6aTbmaeTC« CHrnan H3Mchchhk peacnMa HTJiyneHHfl Jia3epoB. 

Pa6oTa c KOirraKTHbiMH naKoneHHHKaMH cBjnana c narpeBanHeM 
jia3epnbiM H3JiyHenHCM Topua paGowero HiicTpyMCHTa (bojiokho hjih 
can(f)npoBbiH liaKoiiCMMHK) no onpefle/ieimoH TeMnepaTypbi, jiocraTOHHOH una 
20 pa3pymeHHH GnoTKaHH. Harpeu Mecra bo3hchctbhh conpoBoxjiaeTCM 
bo3i i HKiioBen hcm Hur^paKpacnoro H-uiysenHH, KOTopoe nepeaaeTca no BOJioKHy 
iiaKOiiennHKa 11 (14, 24) h orpeJKy oimiHecKoro BojioKiia 10 (13, 23) b 
nanpaiuienHM, oGpaTnoM xoziy Jiatepnoro HinyMeHHfl, oTpaxaeTca ot 
noBopoTiioro lepKana 32, npoxoiurr MHf[>paKpacni,in c})H.nbTp 33 h nonanacT iia 

25 (tx>T03JlCKTpWMeCKHH npHeMHHK 31. 3;iCKTpMHeCKMM CMma/i c BMXOiia 

fjioTO'jJicKTpHwccKoro npHCMiiHKa 31 riociynacT b Gjiok ynpaBJieiiHa 1, rue n 
3aBHCHMocTH ot napaMerpoB siToro cnmajia Bi»ipa6aTi»iBaeTCH cuniaji 
ocTanoBKH, npojiojDKenMH mjih M3MeiieiiH5j pexnMa paGoTbi Jia3epa. 

3KcnepHMeiiTani»Ho ycraiioBJieiio, hto Ten/ioBoe HUiyMeiiitc, 

30 B03iiHKaiouiee npn paGoTe c KOirraKTHbiMH iiaKoiiewnHKaMH naxomiTCH b 
myGoKofi MiifJipaKpacnoM oGjiacm. B 'jtoh oGjiacTM HyBCTBHieJiMiocTi, 
cf)()To-)JieKTpMHecKHX npneMHHKOB oHeiib Majia. CneKTpaJibna^ oGjiacTb 
H3jiyMeiiH5i /mepoB TaKxe jiokht b HH(jipaKpacnoH oGjiacTH. Flo-rroMy iioiioea 
nponycKanna HiicfcpaKpacHoro (JwibTpa 33 comacoBana co cneKTpaJibnon 

35 HyBCTBHTcniiiiocTbio (^oTonpneMUHKa 31, c okhom npoipaHiiocTH onTHMecKoro 
BojioKiia 13 h oGecneHHBaeT hckjiiohchhc nonajianHH Ha rjwronpHeMHHK 31 
H3JiyMeHHH jiaicpoB 3, 4, 20. 

FlpoiiyKTbi Jia3epnorx) pa3pywenHa GnoTKaiiH pauieTaioTCH co 
CBepxiByKOBofi cKopocTbio, h b cjiencTBHe peiKoro H3MeHeHH5i naaneHH5i Hi-3a 

40 conpoTHBJieiiH^ cpeiibi reiiepupyercH aKycTHHccKaa Bornia. JVih pa3JiiiHHbix 
TKaiiefi aMnmrryiia aKycTHHecKofi bojihm pa\nHMna. AMnJiHTyiia aK ycTH w cc k o h 

BOJHIbl pC TH CTp H pyCTCH aKyCTHMeCKHM npHCMHHKOM 34, c)JieKTpHHCCKHH 

curnaji c KOToporo nocrynacT na Gjiok yripaiuieiiHH 1, rae cHHTempyeTCM 
curnan BpeMennoH ocTanoBKH HUiy^ieiiHH h;ih H3Mciiciih>j pexHMa paGoTi.i 
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ziaiepa b 3aBHCHMOCTH ot THna oGpaGaTbiBaeMon TKaHH mjim b cnynae 
npeBbiiueHH^ 3HcprHH jiaseptioro HMnyjibca Haa noporoM pajpyiueHHfl 
GHOTKaHM, 4To bjihjjct Ha CTenenb Jiaiepiioro neKpo3a. 

npeKpauieHHe, b cjiynae Heo6xoanMOCTM, pexHMa M3JiyHCHH5j Jia3epoB b 
5 cooTBeTCTBHH c cnniariaMH cneKTpoanann3aTopa 27, (Jx>T03JieKTpHHecKoro 
mjih aKycTHnecKoro npneMHHKOB 31 m 34 npowcxoiiHT c noMouibio 
6bicTpoaeHCTByiomHX aneKTpomibix KJiioneH 5, 6, 26. CnrHan c 6;ioKa 
ynpaaneHna 1 nonaeTca na ynpaanaiomHM sxoa aJiocrpoHHoro KJnona 5, (6, 
26) pa3Mbiieaa uenb nirraHHfl Kaacaoro m Jiarepos. FIpeKpameHHe HMnynbca 

10 H3JiyHeHHfl 3(|)(|}eKTHBHO, eCJIH BpCMH OTKJIIOHeHHfl nHTaHHH Menbiue 

jxj\ htcji buocTH HMnynbca H3^yHeiiHH. (JlnHTejibnocTb MMny^bca M3JiyHenHfl 
Mo*ex GbiTb 150 - 500 mkcck.). Flo'jTOMy b KanecrBe suiexTpoimoro K/iioHa 

ilOJlXeil HCnOJ!b30BaTbCH &J]CMCtlT C BblCOKMM G MCTpOACM CT BH CM . TaKMMM 

ynpaiuiHCMbiMM KJiionaMii hbjihiotch nojiynpoBomwKOBbie hjih 
15 ^JieKTopoBaKyyMiibic ncpcKJiioMaTCJin, BpCMM cpaGaTbiBaimjj Koropbix lie 
npeubiLuacT 100 mkc. 

OpoLuenne Ghotkuiih c noMouibio HppnranHoimoH chctcmm 17 
npoMcxoaMT aieayioiuMM oGpaioM. Hi petepByapa una bohm c BoaaHbiM 
nacocoM 35 Boaa 3anojwacT BoaonpoBoaauiHc TpyGxn 18. B anynae 
20 HeoGxojiHMocTH opoiijennfl TKaiiH cHniaribi H3 Gjioxa ynpaanenH^ 1 nocrynaioT 
na 3JieKTpoMarnHTin>iH KJianan 37 (38, 39), KOTopwH oTKpbmaeT nocrynneHHe 
B03ayxa noil aaiuieimeM M3 lunjiyimiorn KOMripcccopa 36 b B03ayxonpoBoa 19. 
Koiiubi boho- m B03jayxonpoBon>nunx TpyGoK 18 h 19 pacnojioaceiibi b 
iiaKoiiewiiHKax 11 (14, 24) raK, sto liocryruieiinc iioAhi na MppuraiiHoimbie 
25 Bbixonbi ycTpoHCTBa iipoMcxoam npn noiianc tunjiyxa no npnimnny 
nyjibBcpHiaropa. 

Curnajibi H3 GjioKa ynpawieiiMH 1 nocrynaioT na ^jicKTpoMam hti i mc 
KJianaiibi 37 (38, 39) ncpc3 jimiimm 3ajiep)KKH 40 (41, 42) onHOBpeMeimo c 
cnmanaMH 3ariycKa MMnyjibcoB renepauHM jiaiepoK 3 (4, 20). 

30 Opoiiieniic GnoTKami bohoh aojixciio nponcxonHTb b npoMeacyncax 

Mexiiy MMnyjibcaMM MtnyMcimu Jiaiepon ( c uejii.io H3Ge>KaTb noKenaTeJibHoc 
pacccHiinc H3JiyMci!HJi h rioBbicMTb acjicjxrKTHBnocTb opoweiiiuj ), riOOTOMy 
juimtcjimiocti> BpcMcnn jajicpxKM JiHiiHH iaucpacxn 40 (41, 42) paBiia 
npcMcimoH juiHTcnhiiocTH HMnyjibcoB HuiyMcnuM jiaiepon c yncTOM iipcMeim 

35 nocTynjicnna B03iiyxa k koiiuum rpyGox 19. 

FlpHMep KoiiKpernoH peamrtauHH 3afliuiaeMbix ycrponcTB coctomt b 
cjienyiomeM: 

B^ok ynpaBJiciiMM 1 (cjwr. 5) coctomt hi ycHJiHTejia bxohiii.ix cnrnanoB 
c HiiTcrpaTopoM, BocbMHKanaJibiioro flceflTupaipaiiiioro ananoro-unr^poBoro 
40 npeoGpa30BaTC^M (Allfl) c noc/icaoBaraibiibiM HiiTeprjieHcoM max 192 cepnn, 
nponeccopa PC- 104 c KBapucBbiM reneparopoM h BocbMHKanaJibiioro 
TpMiiajmaTHpa3paiinoro uMfjipo-ananoroBoro npcoGpaioBaxejia (UAFI) c 
nocjiciioBaTc^bin>iM HMTcpfJicncoM max 540 cepnu. Bbixoanbic cMrnajibi UAFI 
jiBJiaioTca BbixoaaMH GjioKa ynpaiuiciiHH 1, no rpcM H3 KOTopi*ix, KpoMc 
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CHmanoB lanycKa HMnynbcoB raiepauHH,nocxynaioT cnrnanbi, onpeflejijuouine 
BejiHHHuy siieprHH naiconHTe^bHbix KoauencaTopoB Gjioica rmTaHHfl 2. 

B KanecTBe Jia^epoB HcnojibiyioTca Jiaiepu: Nd:YAG (iyiwua bojihm 
1.06 mkm hjih L32mkm), Ho:YAG (annua bojihw 2,09 mkm) h Er:YAG (juiHiia 
5 bo/ihw 2,94 mkm). B KanecTBe ;incnepcHOHHoro 3;ieMeHTa 28-creKJiflHHaH 
npM3Ma, b KanecTBe (IxrrojieTeKTopoB 29 - KpcMHHCBbic ncxnynpoBOiiHHKOBbie 
(JxrronHojibi <Pfl-256, a b KanecTBe (jxyroaneKpHHecicoro npneMHrnta 
HH^paxpacHoro MuiyncHMJi 31 -repManHeBbifi (JxvronHOii Ofl-9. 3jicmcht 
cpaBiieHHM 30- MHKpocxcMa K554CA3 hjih LM-1 1 1. AKycTHHecKHH 
10 npneMHHK 34 - MHKpoc}x)H B&K4138. 

npoMbiujJienHa^ npHMeuMMocTb 
TaKHM oGpaioM, npe;uiaraeMbie ycTpowcTBa, 3a cneT coBOKynnocTH 
-iaflBJiaeMbix npH3iiaKOB, oGecneHHBaa oneparHBMoe ynpaBJienwe, c 
bo3mo>kiiocti>io BapbHpoBannM b limpoKOM iiHana'ionc napaMeTpaMH jmepHoro 
15 M-yiyHenHM, noiBOJiMior upoBojiHTb xnpyprHMccKHe npouenypbi Ha GHOTKanflx b 
KanecTBe jimGo cKaJibneJiM, jihGo Koaiyjiaropa, jihGo necrrpyKTopa b 

MBMCMMOCTH OT TpeGyCMblX THHOB, pOKHMOB H COMCTaHHH paGoTbl Jia'JepOB, 

opweMTMpoBaiinbix iia MHiiHMajibiiyio TpaBMaTHHiiocrb npn HannoM BHiie 
BcnueficTBHii na aamiyio GnorKaiib. 
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4>opMyjia H3o6peTeHHH 

1. yCTpOMCTBO JUlfl JiaiepHOH 06pa60TKH 6HO/IOrMMeCKOH TKaHH, 

coaepacaiuee 6jiok ynpaaneHHa (1), Bbixoaw KOToporo coeanneHM c 6jiokom 
nHTaHHa (2) jia*epoB, HMnynbcubie Jiaiepw (3, 4), onTHMecKHe ocm KOTopbix 
5 napajuieJibHbi, onTHHecKH conpaacemibie OTpaxaTejibHoe 3epKano (7) h 
ce/ieKTHBHo orpaxaTcnbHoe juih juimhw bojihm nepBoro Jiaiepa (3) h 
npo3paHHoe jwh juihhm bojihm BToporo Jiaiepa (4) 3epKano (8), KOTopbie 
pacnojioxenbi Ha onTHnecKHX ocax nepBoro h BToporo jiaiepoB 
cooTBeTCTBeHHo, ycTaHORnenHbie tia onTHHccKOH ocm BToporo Jia3epa (4) 
10 f}x)KycHpyioiuyio cHcrreMy (9) m onTHMecKoe bojiokho (10) c HaKOHCMHMKOM 

(11), BMXOJl KOTOporO HBJiaeTCH OnTMHeCKMM BblXOHOM yCTpOMCTBa, 

OTJiHMaiouieeca TeM, hto b nero BBeaen xotm 6m ohmh npHeMHHK HHcfapMaiiHM 
(15) o coctoahmm GnojiorHHecKOH TKaiiM (16), nxoii KOToporo conpaxeH c 

MeCTOM B03aeHCTBM5! Ma f)HOTKailb (16), a BblXOH coenHueH C BXOflOM 6jlOKa 

15 ynpaBJiciiHfl (1), bmxojim KOToporo cocjinnenbi c BxoaaMH sjieKTpoHHbix 
KJiioneM (5, 6), ycTanoBJieiiiibix b uenax coeiuineHHfl Kaamoro Jia3epa c 
Gjiokom HHTaiwa (2), KpoMc Toro, orpajKaTCJibiioe 3epKano (7) ytTaHOBJieno c 
bo3moxiiocte>io bmbozw ero H3 xoaa MinyweHMJi, a na onTMHecKOH ocm nepBoro 
Jia3epa (3) MocnciioBaTenMio mo xoay MinyncMMM pacnojioacena cf>OKycHpyioiuafl 

20 CMCTeMa (12) M onTHHeCKOC BOJIOKHO (13) C HaKOHCHHHKOM (14), Bbixoa 
KOTOporo HBJlfleTCH HpyTMM OMTHMCCKMM BMXOUOM yCTpOHCTBa. 

2. YCTpOMCTBO XUIM JiaiCpiIOH o6paf)OTKM f)MOJIOIMHeCKOM TKaHH, 

coaepxauiee Gjiok yupaBJicHMH (1), bmxojim KOToporo coejiHiieHM c Gjiokom 
MMTaiiMH (2) /iaicpou, HMnyjibciibic Jiaicphi (3, 4, 20), omthmcckhc ocm 
25 KOTopbix napaiuicJiNibu omtmhcckm conpHxccmiMc orpaxarGJibiioe 3epKajio (7) 
h ccjicktmbmo orpaxcaTuibiioe jiuh juimhw bojuim MepBoro Jiaiepa (3) m 
npoipawnoe juia jimmmm bojihm ivroporo jiaiepa (4) 3cpKano (8), Koropbie 
pacnojioaceHbi Ma omtmmcckmx ocmx ncpnom m BToporo JiaiepoB 
cooTBCTCTBeMMo, ycTanonjieiiMMe Ma oiitmwcckoh ocm ivroporo jiaiepa (4), 

30 (t^KyCMpyiOmyiO CMCTCMy (9) M onTHHCCKOe BOJIOKHO (10) C HaKOHCHHHKOM 
(11), BMXOfl KOTOpOPO MlUlMeTCM OMTHHCCKHM BMXOHOM yCTpOHCTBa, 

oTJiHHaiomcccH TeM, wto b nero BBcueu TpcTMH MMFiyjM.cnbiM Jia^ep (20), 
onTHMecKaH ocb KOToporo napaiuiejibiia omthhcckmm ooim aByx iipymx 
jia^epoB, ycTanoBJieiio oTpaxaToiMioe iepKano (21), npHHCM oTpaxaTcnbiiMc 

35 iepKana (7, 21) ycTanoiuienM c bo3mohchocti>io BMBojia mx h* xojia HTJiyMeHMH, 
a Ma oMTMMecKofl ocm BToporo jiasepa (4) *a ccjickthbmmm sepKanoM (8) 
ycTaiioarieMo BTopoe ccjicktmbho oTpaacareJibiioc ujih hjihhm bojihm TpeTbero 
Jiaiepa (20) m npoipawnoe aJia ivmn bojim nepBoro m BToporo jiaiepoB (3, 4) 
lepKaiio (25) omHMecKM conpHxemioe c orpaxaTeJibHMM 3epKanoM (21) , 

40 ycTanoanenMhiM na omtmmcckom ocm TpcTi»cro jmepa (20), (})OKycMpyiouicM 

CMCTeMOH (9) M BXOUOM OMTHMCCKOTO BOJIOKMa (10), pacilOJlOtteHHI.IX IIU OCM 

BToporo Jia^epa (4), Ma KaauioH \n occm nepBoro m rpcTbcio jia^cpou (3, 20) 
MocjieaoBaTejn>Mo no xony MuiyMCMM>i pauioju»KCHi,i fjioKycMpyiouiaM (12, 22) 

CMCTCMa M OnTMMCCKOC BOJIOKHO (13, 23) C I IUKOMCMMMKOM (14, 24), BMXOHM 



WO 96/25979 



PCT/RU95/00211 



11 

KOTOpblX HBJlfllOTCfl flp)THMH OIITHMCCKHMM BblXOiiaMH yCTpOHCTBa, 

CHa6aceHHoro TaKxee xota 6bi oahhm iiphcmhhkom MHc}x)pMauMH (15) o 

COCTOHHHH 6HOJIOrHHeCKOH TKUMH (16), BXOfl KOTOpom COFipaxeH C MeCTOM 
B03fleHCTBHH Ha 6HOTKaHb (16), a BblXOJl coejiHHen C BXOflOM 6ilOKa 

5 ynpaBJienMH (1), Bbixoaw KOToporo coeAHiienbi c bxohom aneKTpoHHbix 
KJiioneH (5, 6, 26), ycTanoBJiennbix b uenax coeaHHenHH Kaacuoro jiaiepa (3, 
4, 20) c 6jiokom nHTaiiHH (2). 

3. YcTpoHCTBo no n.l, 2, OT/iHMaioiueeca TeM, hto npHCMHHK 

HH(tx)pMaUHH (15) O COCTOflMHH C)HOJ10rHHeCKOH TKaHM (16) BbinOJIHeH B BHflC 

10 cneKTpoananM3aTopa (27) b oftnacTH 200 hm - 1500 hm, bxoa KOToporo 
onTHHecKH conpaxeH c mcctom BomeHCTBHH na f)HOTKaHb (16), h cocTOflwero 

M3 flHCnepCHOHHOro -cWlCMCIITa (28), JlHIieHKM <|)OTOiieTeKTOpOB (29) h 

aneMeirra cpaBHeHHfl (30). 

4. ycrrpoHCTBo no n. 1, 2, oTJiHMaiouieecH TeM, hto npneMUMK 
15 niic}xipMauMn (15) o coctohhhh Ghojiofumcckoh TKann (16) BbinoJiHen b bhuc 

(Jxrro->JicKTpHHecKoro npncMiiMKa (31) Hn(f>paKpacnoro nuiyHeHHH, Bxoii 
KOToporo onTHHecKH conpaxcii c mcctom boiuchctbhh na GnoTKaHb (16) 
nocpejiCTBOM noBopoTiioro 3epKaria (32), pacno/io>Kemioro na onTHHecKOH och 
jiaiepa (3, 4, 20) Mcamy BbixomibiM lepKanoM ziaiepa (3, 4, 20) h 
20 cjx)KycnpyiouieM chctcmoh (9, 12, 22) , nepe^ (Jw/ibTp (33) c no/iocon 
nponycKanna, HcmnoHaioiueH nonaaannc na npneMiiHK (31) wyiyMCHHH 
jiaiepa. 

5. YcTpoHCTiu) no ii. 1, 2, oTJiHMaiomeeoi TeM, mto npneMHHK 
Hll()X)pMaLLHH (15) O COCTOHIIHM f>HOJIoniMCCKOH TKann (16) Bbinojinen b BHiie 

25 aKycTHMecKoro npneMiiMKa (34), ycTanoiuiennoro Tax mm ofipaioM, hto 
nanpaBJicnnc ero MaKCHMaJibiion MyBCTBMTCJibiiocTH cocTaanaeT c 
nanpaBJicinicM onTHMecKoii ocn na Bbixoae naKoneMUHKa (11, 14, 24) ymn a, 
yjioBJieTBopniomnH ycjioBHio: 1 1°< a < 86°. 

6. YcrpoHCTBo no n. 1,2, oTJiHMaiomeeeH TeM, mto sjieKTpoHHbifi kjiiom 
30 (5, 6, 26) Bbinojinen b BHiie nojiyripoBoiWHKOBoro hjih ^JieKTponaKyyMiioro 

nepcKJiioMaTeJi^. 

7. YcrpoHCTBo no n. 1, 2, OTJiHMaiomeeoi TeM, mto oho 
xiononiiiiTejibiio cnaf»Kcno chctcmoh opomemifl (17), cocTOHUieii m 
pe?epByapa 2ui>j bohu c bohhhi.im nacocoM (35) h luruiyumom KOMnpcccopa 

35 (36), COOTBCTCTByiOIUHC BblXOHbl (18, 19) KOTOpblX oGbeHHIieHbl B 

iiaKoneHHHKax (11, 14, 24) n juuihiotch HppnraiiHonnbiMn BbixouaMM 
ycTpoficTBa, a Bo-yiyunibm KOMiipcccop (36) b mcctc coennnennfl c 
BoiiiyxonpoBonaMH (19) cnaGxen aiieKTpoManiHTiibiMH KJiananaMH (37, 38, 
39), nouKJiioMemibiMH k BbixoaaM 6;ioKa ynpanjienna (1) Mepei jihhhh 
40 3ajiep)KKH 40, 41, 42. 
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LASER SURGICAL DEVICE AND METHOD OF ITS USE 

FIELD OF THE INVENTION 

This invention relates to medical lasers, and more 
particularly to a surgical laser device and a method of its 
use in the field of dermatology. 

BACKGROUND OF THE INVENT TOM 

A variety of lasers have been used in modern 
dermatology for correction of inborn and acquired skin 
defects and diseases. One of the reasons for wide prolifera- 
tion of the lasers in this field is that their properties 
support the medical postulate - * do not harm" a patient. 

Drug therapy has been the most commonly used 
method of treatment in dermatology mainly because it is 
readily available, simple and less painful. However, drug 
intolerance, side effects, common allergic reactions as well 
as low efficiency in treatment of a substantial number of 
disorders often make this treatment less desirable. 

A need for more efficient cure of dermatological 
defects and diseases made surgical involvement quite popular 
in this area of medicine. As to the surgical methods of 
treatment of skin disorders, doctors are often compelled to 
resort to such procedures as : dissection followed by 
transplantation, use of ultrasound and cryotherapy, applica- 
tion of magnetic fields of ionizing radiation, electroco- 
agulation, utilizing of plasma currents, etc. These surgical 
methods are used in spite of a great number of drawbacks 
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and harmful side effects which include: destructive nature of 
the treatment, protract ive healing process, high risk of 
hypopigmentation, possibility of atrophy, destruction of a 
skin texture, formation of scars, damage to an adjacent skin 
area including healthy regions . These problems are often 
alleviated when a surgeon uses local methods of treatment 
having short and fixed duration of action at a specified depth 
of a skin integument . This is one of the reasons why lasers 
have become recently the instrument of choice for many derma- 
tologists • 

Currently, lasers having different wavelength of 
laser irradiation are used in dermatology. Examples of such 
lasers are: excimer, ruby, argon laser; alexandrite and garnet 
laser; tunable semiconductor laser; etc. These devices generate 
laser beams having the wavelength in the visible range of the 
spectrum (0.4-0.7 pm) as well as in the invisible, the UV range 
(0.18-0.40 pm) . For instance, infrared lasers include a set 
of CC^ lasers (with the wavelength of 10.6 jnm) , variations of 
neodymium lasers (with the wavelength of 1.06 pm) , etc. These 
lasers are produced by Candela Laser Corporation and are 
described by " Lasers in Medicine" Tashkent, 1989. 

In spite of the fact that these lasers maintain a 
short duration of action and provide certain localization in 
the plane of the action, they do no not guarantee control 
of the treatment, especially as to the depth of penetration in 
the skin integument. Thus, use of these lasers does not 
eliminate such negative consequences as formation of 
hypotrophic scars and penetration of a laser beam into the area 
of healthy skin. 

It is a matter of general knowledge that a layer of 
water practically does not allow optical irradiation at certain 
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wavelength to pass therethrough. This region of the spectrum is 
typically known as the "window of non- transparency" and 
includes the following wavelength ranges: 1.25-1.40; 1.7-2.1; 
2.5-3.1 and 5.5-7.5 microns. At these ranges optical irradia- 
tion is strongly absorbed by water and by living tissue which 
also consists of up to 90 percent of water. Such absorption 
leads to a rapid heating of water and vaporization of the 
treated living tissue. At these wavelengths a laser beam 
acquires an important quality, that is that laser irradiation 
can not penetrate deeply in to living tissue substantially 
consisting of water. As a result, a scattered laser beam 
propagates in living tissue only within the range which does 
not exceed the depth of 15-20 microns and does not destroy 
adjacent tissue. Such a mode of operation of a laser can be 
implemented only at specific levels of power density and 
energy, predetermined rate and duration of the pulse and only 
when a temporary stability of all these characteristics is 
achieved during a surgical procedure. 

One of such known devices is the aluminum-yttrium- 
erbium garnet laser having the wavelength of 2.94 pm of laser 
irradiation. Initial reports about stomatological application 
of this laser appeared in 1989. However, its properties such 
as energy pulse of 1-2 J; the wavelength of 2.94 pun and the 
pulse rate of 1 Hz enabled doctors to use this laser as 
surgical device in the field of dermatology. The first reports 
of such use became known in Germany and Slovenia in 1991. 

A schematic diagram of FIG.l illustrates that such a 
device consists of a power unit, a cooling unit, a laser cavity 
and an articulated mirror light-guide unit. In view of the 
multiple reflections of the laser beam in the articulated 
mirror light -guide , the efficiency of the device is quite low 
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and does not exceed 60 percents at the wavelength of 2.94 pm. 
This makes it necessary to sustain energy input of the laser 
irradiation at the level 2.5-3.0 J and the operating power of 
the power unit at 300 W. Naturally, a laser of such high 
power has to have a very efficient cooling system. Therefore, 
a special water cooling system was provided in this prior art 
device. In view of that, the weight of the device was 70 kgs 
with overall dimensions of 0.5 m 3 . Thus, large weight and 
dimensions as well as instability of the laser beam character- 
istics greatly limited employment of this prior art laser in 
dermatology. 

The water cooling system was necessary in the high 
powered prior art device to keep the temperature of the active 
element within 20 T 10 C range. When this temperature range was 
exceeded the thermolens effect developed in the active element 
which resulted in considerable laser beam scattering and in 
the loss of energy in the focal plane of a treated tissue. 

One way of resolving these problems is through the 
formation of a more efficient laser system which lacks the 
articulated mirror light guide and requires substantially less 
power. This makes it possible the replacement of the water 
cooling system by its air cooling counterpart. Such changes 
ultimately led to a substantial reduction of the weight and 
overall dimensions of the laser assembly. 

Thus, there has been a considerable need for an 
efficient hand held laser surgical device usable in the field 
of dermatology which is capable of providing and control- 
ling a predetermined depth of skin penetration and does not 
damage healthy regions of tissue adjacent the operation site. 
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SUMMARY O F THR INVENTION 

One aspect of the present invention provides a laser 
surgical device for vaporization of a living tissue. The device 
consists of an operating laser assembly, a detecting arrange- 
ment and a control unit. The operating laser assembly gener- 
ates an operating beam having a predetermined wavelength 
corresponding to a peak absorption wavelength of water. The 
detecting arrangement is provided for detecting conditions of 
an operated living tissue by receiving and reviewing a radia- 
tion signal reflected from the operated living tissue and 
producing a control signal . The control unit controls and 
adjusts characteristics of the operating beam based on the 
control signal, so that the depth of vaporization of the living 
tissue does not exceed 15-20 microns. The device also includes 
a power unit, a focusing arrangement for focusing the operating 
beam at the operated living tissue, a guide light unit generat- 
ing a guide light beam for targeting the operating beam at the 
operated living tissue and a cooling unit for cooling of at 
least a portion of the operating laser assembly. The suction 
arrangement is provided for removal of disintegrated tissue 
products from the area of the operated living tissue. 

A further aspect of the invention provides the 
operating laser assembly consisting of at least an operating 
laser element emitting the operating beam and exciting arrange- 
ment for its exciting. A handpiece is adopted for convenient 
positioning in the hands of an operator. The handpiece has 
interior and exterior parts and at least a portion of the 
operating laser assembly and focusing arrangement are situated 
within the interior part of the handpiece. At least portions of 
the cooling unit, the detecting arrangement and the control 
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unit are also situated within the interior portion of the 
handpiece . 

Another aspect of the invention provides a device in 
which at least a portion of the operating laser assembly is 
positioned within the housing and the cooling unit is a 
fan producing an air flow extending longitudinally within the 
interior portion of the handpiece. 

Still another aspect of the invention provides the 
device in which the exciting arrangement is positioned outside 
the handpiece and is connected to the operating laser assembly 
by a plurality of optical fibers. 

Still further aspect of the invention provides a 
device with the operating laser element consisting of working 
and auxiliary portions. The working portion is situated in the 
handpiece, whereas the auxiliary portion and the exciting 
arrangement are situated outside the handpiece. The main and 
auxiliary portions of the operating laser element are connected 
through a light guide consisting of a plurality of optical 
fibers . 

Yet another aspect of the invention provides the 
device in which the wavelength of the operating beam emitted by 
the operating laser element is selected from the group consist 
ing of 1.25-1.40, 1.7-2.1; 2.5-3.1 and 5.5-7.5 microns. The 
laser medium of the operating laser element is selected from 
the group consisting essentially Y^AL^O^: Nd; Gd^GagO^ Cr, Ce, 
Nd; MgFj : Co ; BaYb> F fi : Er; LiYF^ : Er : Tm, Ho ; Y 3 SC 2. A1 *>°l2; 
Cr,Er; (Y, Er) Al c O._ ; HF (chemical) and CO (gaseous). 

Alternatively, the method of surgical vaporization of 
a living tissue can be provided. The method comprises the steps 
of generating an operating laser beam having a predetermined 
wavelength corresponding to a peak absorption wavelength of 
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water and detecting a condition of operating living tissue by- 
receiving and reviewing a radiation signal reflected from the 
tissue and producing a control signal. A further step of the 
method is controlling and adjusting characteristics of the 
operating beam based on the control signal, so that the depth 
of the vaporization of the living tissue does not exceed 15-20 
microns . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other advantages and features of the invention are 
described with reference to exemplary embodiments, which are 
intended to explain and not to limit the invention, and are 
illustrated in the drawings in which: 

FIG.l shows a prior art laser device; 

FIG. 2 shows one embodiment of a laser surgical device 
of the invention; 

FIG. 3 shows another embodiment of the laser surgical 

device ; 

FIG. 4 shows a portion of a further embodiment of the 
laser surgical device; 

FIG. 5 shows a simplified embodiment of the laser 
surgical device; 

FIG. 6 shows another simplified embodiment of the 
laser surgical device; 

FIG. 7 illustrates alternative positions of the 
lens of focusing arrangement; 

FIG. 8 shows a laser surgical device having substan- 
tially cylindrical focusing lens; 

FIG. 9 shows a laser surgical device with the 
focusing lens movable about shifted axis; 
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FIG. 10 shows application of an accessory lens to the 
laser surgical device; 

FIGS. 11 and 12 illustrate different patterns of 
laser beam images; 

FIGS. 13 and 14 illustrate further patterns of laser 
beam images; 

FIG. 15 illustrates conditions of beam scanning at 
a preset program; and 

FIG. 16 illustrates conditions of beam scanning 
when the laser beam is in the slot form. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Although specific embodiments of the invention will 
now be described with reference to the drawings, it should be 
understood that the embodiments shown are by way of examples 
only and merely illustrative of but few of many possible 
specific embodiments which represent application of the 
principles of the invention. Various changes and modifications 
obvious to one skilled in the art to which the invention 
pertains are deemed to be within the spirit, scope and 
contemplation of the invention as further defined in the 
appended claims. 

It was indicated hereinabove that the optical 
irradiation in the wavelength region corresponding to the 
"window of non- transparency' 7 is very efficiently absorbed by 
water and living tissue. The operating beam of the laser 
surgical device of the present invention efficiently performs 
within such entire wavelength region. As a result of applica- 
tion of the laser beam to the targeted area of a patient, a 
local vaporization of the top skin layer occurs at the maximum 
depth of 10-20 microns. The diameter of the irradiated spot on 
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the skin is about 10 mm and the density is in the range of 5- 
z 

50 J/cm. 

Referring now to the drawings, in which there is 
shown in FIG. 2 an apparatus 10 for performing of a laser 
surgery. The apparatus 10 consists of the following main 
units: a compact surgical laser instrument or a handpiece 12, 
a power supply unit 14 producing high-voltage potential 
pulses with tunable parameters, a suction unit or suction 
apparatus 16 for suction of disintegrated skin products 
resulted from application of an operating laser beam to a 
targeted area and a control unit 18. The handpiece formed with 
a housing 20 is adopted to be conveniently held in the hands 
of an operator. It is best illustrated in FIG. 2 that a laser 
cavity 22 is provided within the interior area of the housing 
20. An operating laser assembly 24 is situated within the 
laser cavity and consists of an active laser element or rod 
26, an exciting arrangement 28 and an optical resonator 30. 
The exciting arrangement which is adopted for exciting of the 
operating laser element can be any conventional exciting 
device such as, for example, a flash lamp or a diode laser. 

The optical resonator 30 includes a mirror 32 having 
high reflective capabilities and positioned rearwardly of the 
laser element and a semi -reflective operating mirror 34 
situated forwardly of the laser element so as to face a 
variable focusing lens 36. The mirrors of the optical resona- 
tor are disposed in the coaxial manner to a longitudinal axis 
A-A of the laser rod 26 and operating laser beam. The focusing 
lens 36 which is at least partially positioned within the 
housing 20 is typically operated by a micromotor on command 
from the control unit 18. A desired position of the focusing 
lens 36 can be also arranged manually by a medical personnel 
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before or during a surgery. The optical resonator 30 is 
adopted to align and amplify the laser beam, whereas the 
focusing lens 36 directs it to the targeted area. In order to 
facilitate efficient delivery of the light energy from the 
exciting arrangement 28 to the operating laser element 26, the 
interior of the laser cavity can be covered by a material of 
high reflectivity. 

A cooling arrangement 38 is provided within the 
housing 20 rearwardly of the laser cavity 22. The cooling 
arrangement can be of any known type producing an axial stream 
of gaseous coolant . In the preferred embodiment of the 
invention the cooling arrangement is a fan 38 which generates 
an axially directed air stream B extending longitudinally in 
the interior of the housing 20. In order to increase effi- 
ciency of the cooling process the exterior of the laser cavity 
22 is formed with a plurality of ribs 40 extending outwardly 
therefrom. Thus, upon activation of the fan, axially directed 
air stream B is blown over the exterior of the laser cavity 
22, including the ribs 40 reducing their temperature. The air 
stream B during its travel within the handpiece is directed 
through openings in the housing (not shown) to the exterior 
parts of the focusing lens 36, so as to prevent pollution of 
the lens by disintegrated skin products resulted from the 
surgery. Upon reaching the operated area of the skin , the air 
stream B also facilitates removal of the disintegrated tissue 
products from the site of the surgery and reduces effect of 
an unpleasant odor on a medical personnel . 

Longitudinal distribution of the elements of the 
invention within the housing 20 helps to reduce the dimensions 
and facilitates efficient delivery of the air coolant and 
reduction of temperature of the laser cavity and through - 
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out the interior area of the handpiece. Furthermore, use 
of air cooling system results in better stability of tempera- 
ture and other characteristics of the laser cavity, especially 
during and after multiple thermocycling. 

The surgical apparatus 10 is energized through a 
source of standard electrical supply 42 or through a set of 
batteries 44. In order to eliminate any potential shock hazard 
specially upon switching the power from the source of standard 
electrical supply to the battery unit, a power interlock 
switch can be provided. 

The power supply unit 14 generates electrical 
voltage pulses which are converted by the exciting arrangement 
or the flash lamp 28 into light pulses. In the laser cavity 
22 , after being directed to the laser rod 26, such light 
pulses are converted into laser pulses having shorter duration 
of emission compared to the voltage pulses. The wavelength 
of the laser irradiation is determined by the type of the 
laser rod or active element utilized by the surgical appara- 
tus. In the preferred embodiment of the invention Er : YAG 
(erbium) laser is used as the active element or laser rod 2 6 
of the surgical apparatus. The laser rod made of this material 
emits the electromagnetic energy corresponding to the wave- 
length of the w window of non- transparency" of water. The 
wavelength of this laser is 2.94 pm and is very close to the 
maximum absorption wavelength of water, which is about 3 jnrn. 
Thus, at this wavelength of the operating laser beam a great 
portion of its energy is absorbed by the operated living 
tissue which consists up to 90 percent of water. 

The essential requirement for the materials used in 
the active element of the operating laser is that the wave- 
length of their irradiation belongs to the u window of non- 
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transparency" region of the spectrum. Therefore, the laser 
medium of the active element of the invention can be selected 
from, but is not limited to, the following group of materials 
which forms a part of this category: YjAL^O^: Nd (wavelength 
1.33 jnm); Gd^GagO^: Cr, Ce, Nd (wavelength 1.42 jnm) ; Mg^ : Co 

(wavelength 1.75 jnm); BaYb^F^ : Er (wavelength 2.0 jnm) ; LiY^ : 
Er , Tm, Ho (wavelength 2 . 06 jnm) ; Y^Sc^ Al^O^: Cr , Er (wavelength 
2.8 ptm) ; (Y, Er)^ Al 5 (wavelength 2.94 jnm) ; HF- chemical 

(wavelength 2.6-3.0 ptm) and CO-gaseous (wavelength 5.0-6.0 
jnm) . 

This wavelength of the operating laser beam belongs 
to the infrared region of the spectrum and is invisible to the 
naked eyes of a surgical operator. In view of that, an 
operator can not observe the emission of the operating laser 
beam from the forefront of the handpiece. This might cause 
erroneous surgical steps raising serious questions of security 
in the medical treatment • To eliminate this drawback, in the 
invention a guide light unit 46 generating a continuous, 
visible guide light beam is provided. Such guide light unit 
can be He:Ne laser, semiconductor laser, light -emitting diodes 
or any other suitable source of visible radiation. In the 
embodiment of the invention illustrated in FIG. 2 such guide 
light unit 46 is a semiconductor laser providing a very low 
power, continuous laser beam. Unlike the Er : YAG laser, the 
semiconductor laser emits the beam in the visible region 
of the spectrum. The guide light beam is adopted to indicate 
the focal point of the operating laser beam as a visible light 
spot before the operating laser beam is applied. That is the 
operating beam is applied to the same area as the guide light 
beam spot. Therefore, an operator can start the operating 
laser after the guide light beam spot appears at the desired 
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location. Thus, the continuous guide light laser beam serves 
aiming function simplifying targeting of the invisible pulse 
operating beam. In use, upon activation of the operating laser 
as well as the guide lasers, the continuous and the pulse 
beams are delivered to the targeted area. The operating laser 
can be easily focused at the targeted area based on the image 
of the guide light laser there. The disintegrated skin 
products accumulated at the site of the surgery are ultimately 
removed and disposed by the suction unit 16. 

In the embodiments of FIGS. 2 and 3 the suction unit 
is designed as a device independent from the handpiece and 
energized by the power supply unit 14 of the surgical device. 
Nevertheless, forming the suction unit as a part of the 
handpiece is also contemplated. 

In the alternative embodiment the cooling arrange- 
ment can be positioned outside the handpiece. For instance, it 
can be associated with the power unit in such manner that a 
stream of cooling air is delivered to the interior of the 
handpiece through a flexible piping or similar arrangement. 

In operation of the FIG. 2 embodiment, to excite 
the operating laser, high voltage is developed in the power 
supply unit 14 and applied across the flash lamp 28. In the 
laser cavity 22 the delivery of the light energy from the 
flash lamp is facilitated by the highly reflective interior 
surface thereof. The energy from the flash lamp 28 is absorbed 
by the medium of the laser rod 26, so that the molecules in 
the laser medium are transferred from the ground state to the 
excited state. As those molecules return to their ground 
state, they emit photons of a particular wavelength. Part of 
the light emanates from the laser rod. The light is returned 
to the rod by the mirrors 32 and 34 . The returned photons 
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react with molecules of the laser medium in the excited state 
to cause those molecules to return to the ground state and 
themselves emit photons of the particular frequency. Thus, the 
emitted photons are in phase with the photons striking the 
molecules and directed in the same direction as the original 
photons. In the operating laser the photons traveling between 
the mirrors 32 and 34 follow a specific paths, so that the 
photons resonate in particular modes at common frequency and 
phase. Eventually, the light between the mirrors 32 and 34 
reaches such level of intensity that its substantial amount 
passes through the semi -reflective mirror 34 and is directed 
by the focusing lens 36 to the targeted area of the skin of a 
patient as an operating beam. 

FIG. 3 illustrates the embodiment of the invention 
in which the laser surgical device is formed with two working 
cavities. An auxiliary cavity 17 is associated with the power 
supply unit 14 . This cavity contains the exciting arrangement 
such as a flash lamp 28 and is connected through an activated 
fiber optic arrangement 19 to a main laser cavity 15. Similar 
to the embodiment of the FIG. 2, the main laser cavity 15 
contains the active element or laser rod 26 and the optical 
resonator 30 having two mirrors 32 and 34. In operation, high 
voltage developed in the power supply unit 14 is applied to 
the exciting arrangement 28 of the auxiliary cavity 17 
generating impulses of light energy. These impulses are 
delivered to the active element 26 situated in the main cavity 
15 by means of the activated fiber optic arrangement 19. 

In the embodiment of FIG. 3 the high voltage pulses 
energizing the flash lamp 2 8 are not transmitted directly to 
the handpiece. Instead, such high voltage pulses are delivered 
to the auxiliary cavity 17 situated remotely from the hand- 
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piece and an operator. This provides even higher degree of 
safety for the surgical device of the invention since chances 
of electrical shock hazards to the medical personal are 
effectively minimized. 

Furthermore, since the exciting arrangement or the 
flash lamp 28 is positioned outside of the main cavity, the 
weight of the handpiece is greatly reduced simplifying 
manipulations of the device by a surgeon. 

It is best illustrated in FIGS . 2 and 3 that during 
a surgery the condition of operated tissue is monitored by a 
detecting arrangement or detector 48 adopted to detect 
irradiation reflected from that tissue. One of the main 
functions of the detector 48 is to control the effect of the 
operating laser beam on the skin of a patient in general and 
specifically to control the depth of penetration of the 
operating laser beam and the depth of vaporization of the 
epidermis. In every individual case a doctor sets specific 
characteristics of the laser irradiation to produce the 
required effect. If a predetermined depth of penetration of 
the operating laser beam and/or the thickness of the vaporized 
layer of a skin are achieved, the detector 48 generates a 
signal directed to the control unit 18 which in turn produces 
a correcting signal to the power unit or other units of the 
surgical device. Similar signals can be also produced when the 
prearranged levels of the energy density, power density or 
other characteristics of the operating laser are attained. 
This is necessary to exclude possibility of deeper penetration 
of the operating laser beam and/or damaging an adjacent 
healthy skin tissue. The intensity of the reflected light 
radiation from the skin of a patient depends upon such factors 
as: type and stage of a disease, color of a skin, general 
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condition of a patient, the depth of a treated skin layer, 
etc. For each individual patient, considering the initial 
level of optical irradiation, such value of intensity charac- 
terizes a condition of an area of the skin treated by the 
laser surgical device of the invention. The detecting arrange- 
ment 48 can be made utilizing a wide variety of photosensitive 
elements, photoresistors, photodiodes and similar devices. If 
a photosensitive element is used to form the detector 48, the 
light reflected from the targeted area of the skin produces a 
flow of electrons in the photosensitive element directed 
towards its cathode and generates an electrical current or 
control signal for forwarding to the control unit 18. When 
photoresistors are utilized, the electrical resistance of the 
detector 48 varies depending upon the level of intensity of 
the light reflected from the operated tissue and received by 
the detector 48. The signal to the control unit 18 is based on 
such resistance. 

FIG. 4 schematically illustrates a part of the 
laser assembly of another embodiment of the invention in which 
only portions of the active element and optical resonator are 
positioned in the main working cavity 21 situated in the 
handpiece. To accommodate such arrangement an auxiliary cavity 
23 is provided. The exciting arrangement 28 and a first or 
auxiliary part 25 of the active element are situated within 
the auxiliary laser cavity 23. A distal end 29 of the first 
part 25 of the active element faces the mirror 32 having high 
reflectivity , whereas a proximal end thereof 31 is positioned 
at an end 37 of the light guide 41. To facilitate efficient 
delivery of the light energy from the exciting arrangement 28 
to the first portion 25 of the active element the interior of 
the auxiliary cavity can be formed from a material having high 
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reflective properties. A second or working part 27 of the 
active element and a semi -reflective mirror 34 of the optical 
resonator are situated in the main working cavity 21. The 
distal end 33 of the second part 27 of the active element and 
the proximal end 31 of the first part thereof are optically 
connected through a fiber light guide 41. Both ends of the 
light guide situated in the vicinity of the active element 
can be manufactured as parts of the optical resonator. In 
this respect, the end 37 of the light guide positioned in the 
auxiliary cavity 23 can be formed as a mirror having charac- 
teristics facilitating passage of the laser irradiation from 
the first part 25 towards the second part 33 of the active 
element. To facilitate the required operating laser beam 
operation from the main cavity 21, the end 39 of the light 
guide situated thereinside can be formed as a mirror enabling 
passage of irradiation only in the direction of the second 
part 27 of the active element . As in the previously discussed 
embodiment of FIG. 3, an operator is provided with an instru- 
ment devoid of electrical shock hazard and having considerably 
reduced weight. This is an important advantage of the present 
invention especially during prolonged surgical operations. 

A further simplified embodiment of the laser 
surgical device is best illustrated in FIGS. 5 and 6. It is 
shown in FIG. 5 that a handpiece 112 which resembles a housing 
of a hair drier contains an operating pulse laser 122, a 
cooling fan 138 and a light guide arrangement 146. In order to 
provide an axial air flow directed toward a patient, the fan 
138 is positioned rearwardly of the operating laser. Two 
light -emitting diodes 145 and 147 of the light guide arrange- 
ment 146 are installed within the housing between the operat- 
ing laser and the focusing lens 136. The light-emitting diodes 
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are arranged in such a manner that the distance between the 
images of their light guide beams 121 and 123 in the focal 
plane of the focusing lens 13 6 is substantially equal to the 
diameter of the spot of the operating beam 127 of the operat- 
ing Laser 122 in this plane. Therefore, the targeted area of 
the operating beam spot can be identified by watching the 
visible images of the light guide beams. The dimensions of 
this operating beam spot can be adjusted by changing the 
distance between such visible images. The power supply unit 
114 energizes not only the laser, fan and light guide arrange- 
ment but also the suction unit 116 positioned outside the 
housing. For the safety reasons all power feeding cables can 
be jacketed by earthen metal hoses. The pulse rate and the 
pulse energy of the operating laser 122 are set manually by 
generating a command from the control panel of the power 
supply unit 114. Similar to previously described embodiments, 
the suction unit 116 provides removal of the fragments of the 
disintegrated particles of skin developed during the surgery. 
The focusing lens 136 can be made of a quarts glass. 

The laser surgical device of FIG. 6 is similar to 
that of FIG. 5. However, in FIG. 6 the exciting arrangement 
135 is positioned outside the handpiece 112 and the impulses 
of light energy are delivered to the operating laser 122 by 
means of a light guide 137. In this respect, the instrument of 
FIG. 6 operates in a manner similar to the embodiment of FIG. 
3. The modified embodiment of FIG. 6 in which a portion of the 
active laser element or rod is situated outside of the 
handpiece (see FIG. 4) is also contemplated. 

In the embodiments illustrated in FIGS. 5 and 6 the 
focusing lens 136 is moved manually a predetermined distance. 
During such movement the position of images generated by the 
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light -emit ting diodes 145 and 147, which determine the size of 
the operating laser spot in the focal plane, is automatically 
changed . 

If the motion of the lens 13 6 is provided in the 
direction substantially perpendicular to the operating beam 
axis A-A, a series of laser beam images may be obtained in the 
focal plane. For example, FIG. 11 illustrates this condition 
for the normal and FIG. 12 for cylindrical lenses. 

Upon motion of the focusing lens in the direction 
parallel to the axis of the beam it is possible to obtain a 
more complex image pattern, i.e. circular (see FIG. 13), 
spiral patterns (see FIG. 14) . 

Depending upon the type of operation, replacement 
of the focusing lens is possible in the present invention. 
Typically the most suitable lens is one having an optical 
element smoothly traveling along the axis of the operating 
laser beam, so that the optical element can be fixed at a 
prearranged intermediate position. In this respect, FIG. 7 
illustrates the focusing lens 137 having three such 
intermediate positions. 

The size of the operating laser spot in the focusing 
region can be regulated by a microdevice upon a signal from 
the control unit 18 .(see FIG. 2) . This can be also accomplished 
manually by an operator or according to a prearranged program. 
Thus, the size of the operating laser spot of the operating 
laser beam can be adjusted in the focal plane of the focusing 
lens up to the sizes at which irregularities of the laser spot 
are still acceptable. 

The focusing lens shown in FIG. 8 produces the 
operating beam in the form of an oblong strip. This is 
achieved by using a semi -cylindrical lens 237. The required 
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changes in the form of this strip can be provided by- 
rotating and guiding the lens 23 7 in a predetermined fashion. 

The embodiment of the focusing lens 236 illustrated 
in FIG. 9 enables the invention to produce a trace of movement 
of the focused operating laser beam in the form of a ring. 
This is achieved by rotating the focusing lens 23 6 about its 
axis B-B which is shifted a predetermined distance C from the 
axis A-A of the operating laser beam. 

As to the embodiment of FIG. 10, it illustrates a 
supplemental focusing lens for the precise focusing of the 
operating laser beam on the targeted area. For this purpose it 
is advisable initially to fixedly attach the laser assembly 
222 with the lenses 236, 239 and the mirrors 245, 247 at the 
prearranged condition. The visible guide light should be 
prealigned with the invisible operating laser beam. In this 
case it desirable to keep stationary at least a part of the 
patients body which is the subject of a surgery. A special 
device can be provided to accomplish this task. 

The surgical device of the invention utilizes laser 
irradiation within the entire spectrum of the wavelength 
corresponding to the w window of non- transparency" of water. 
At the density of the laser irradiation of the operating beam 
spot 5-10 J/cm 2 and the diameter of the operating laser beam 
spot 3-10 mm, the depth of penetration of the operating laser 
beam of the invention into the epidermis does not exceed 10-20 
microns. This occurs upon application of impulses having a 
very short duration of about 0.001 sec. After dehydration of 
the tissue, the spot of the operating laser beam produces 
only local vaporization of the top layer of the skin of a 
patient. This occurs without damaging in depth as well as 



SUBSTITUTE SHEET (RULE 26) 



WO 96/28212 



PCT/US96/02984 



21 

superficially healthy regions of epidermis surrounding the 
operated area. The treated area of the tissue can be increased 
by moving the spot of the operating laser beam over the 
surface of the skin. The depth of penetration of the operating 
laser beam into the living tissue can be manipulated by 
changing the frequency of the electromagnetic impulses. 
Typically, during a session having duration of 30-60 seconds 
about 50-100 impulses are provided. 

The laser surgical device of the invention can be 
also utilized for disinfecting lesions by scattered infrared 
laser emission. The density of this type of emission does not 
produce damage to normal healthy skin. However, such 
emission eliminates staphylococcal colonies in the skin area 
damaged by a disease. 

The optical system of the laser surgical device also 
enables a user to perform surgical operations which are 
followed by the laser photocoagulation and laser dissection 
including ablation of cancerous tumors. The present invention 
also facilitates removal of a benign tumor by vaporization of 
one layer of tissue at a time. This task can be accomplished 
through application of several laser impulses having a 
predetermined spot area to each part of the skin affected by 
the disease. The treatment is continued until u blood dew" 
appears on the skin and is typically followed by a course of 
drug treatment . 

To carry out a therapy of the skin by infrared 
radiation to remedy, for example, face wrinkles, the laser 
surgical device of the invention can be used in combination 
with a scanning system of a preset scattered radiation. In 
order to utilize this treatment it is expedient to secure 
conditions of the beam scanning according to a preset program 
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(the spot diameter of the operating beam can vary in a 
predetermined fashion, the density of energy of the beam can 
be either variable or constant, see FIG. 15) . The same condi- 
tion can be provided if the laser beam is in a form of a slot 
(see FIG. 16) . 

The focused laser irradiation of the invention can 
be utilized for conducting of local surgeries, such as, for a 
example, dissection and removal of a furuncle or a pustule and 
consequent introduction of a medicine into the area of the 
incision . 

The following examples are presented in order to 
provide more complete understanding of the invention. The 
specific techniques, conditions, materials and results set 
forth to illustrate the principles and practice of the 
invention are exemplary and should not be construed as 
limiting the scope of the invention. 

Example 1 

An Er : YAG laser was employed as an active element of 
the laser surgical device having a flash lamp as the exciting 
arrangement. The Er : YAG active element was interposed between 
two substantially flat resonator mirrors . The lasing occurred 
at the wavelength of 2.94 jnm with the pulse duration 250± 50 
microseconds, the pulse rate up to 1Hz and the pulse energy up 
to 2 J. 

The shape of the operating laser beam was adjusted 
by the focusing arrangement. Since the Er:YAG laser beam 
belongs to the infrared region of the spectrum it was invisi- 
ble to the naked eye of the operator. The position and 
dimensions of the laser spot of the operating laser beam on 
the skin of a patient were indicated with help of two guide 
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light beams generated by the guide semiconductor laser which 
emitted the beam in the visible region of the spectrum. The 
maximum diameter of each guide light laser beam was about 2.0 
mm. The distance between projections of two guide light laser 
beams on the skin of a patient corresponded to the spot 
diameter of the Er : YAG laser on the same object. Thus, the 
position and diameter of the Er : YAG laser beam on the skin of 
the patient was determined by the position of two guide light 
laser beams emitted by the guide light semiconductor laser. 
The energy density of the Er : YAG laser was adjustable within 
the range between 1.0-10 J /cmf Considering that during the 
treatment the level of the pumping energy was about the same, 
the smaller the dimension of the Er : YAG laser beam, the higher 
its energy density. Upon reaching minimal focusing dimensions 
of the spot of Er : YAG laser beam on the skin of a patient a 
local vaporization of the tissue occurred at a depth of up to 
1.5 mm. Visible vaporization from the epidermis took place 
when the energy density of the Er : YAG laser beam was about 50 
J/cm. 

Treatment of skin diseases of 48 patients was 
carried out by using surface vaporization of the epidermis by 
Er : YAG laser with 50 J/cm 2 maximum energy density. Among them 
were 15 patients with pointed candylomas, 8 patients with 
colloidal scars, 8 patients with warts on hands and feet, 10 
patients with pointed hyperkeratoses, 7 patients with tattoos. 
Depending on the type of the disease or skin defect, the 
treatment was carried out by conducting 6-10 sessions, each 
consisting of 3-20 pulses. 

During these sessions the diameter of the spot of 
the Er : YAG laser beam was 3-5 mm. The coagulation degree 
control was performed until appearance of the "blood dew" 
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synptom. As a result of such application of the laser beam to 
the skin of the patients there had been no changes detected in 
the peripheral blood content and no remote relapses of the 
disease revealed. 

EXAMPLE 2 

Unlike Example 1, there were two working cavities 
provided in the laser device of Example 2 . In the first cavity 
electrical pulses were transformed into light pulses. Such 
light pumping pulses were received via the optical light guide 
in the second cavity. There the light pulses were transformed 
into the laser beam. The first cavity was situated at the 
power supply unit remotely from the patients and medical 
personnel . The second cavity was located within the handpiece 
of the surgical device. In this example another set of the 
working cavities was formed in such a manner that the first 
cavity contained the exciting arrangement and a portion of the 
operating laser rod, whereas the main part of the laser rod 
was situated in the second cavity. The cavities were also 
interconnected by the optical fiber light guide. The laser 
pulses received within the second cavity were of such pumping 
wavelength as to minimize losses in the optical light guide. 
The laser pulses generated in the second cavity were trans- 
formed into the laser irradiation beam operating of the 
required wavelength, for example, 2.94 pm. 
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WE CLAIM 

1 . A laser surgical device for vaporization of a 
living tissue, comprising: 

an operating laser assembly generating an operating 
beam having a predetermined wavelength corresponding to a peak 
absorption wavelength of water; 

a detecting arrangement for detecting a condition of 
an operated living tissue by receiving and reviewing a signal 
reflected from said operated living tissue and producing a 
control signal; and 

a control unit for controlling and adjusting 
characteristics of said operating beam based on said control 
signal, so that the depth of vaporization of said living 
tissue does not exceed 15-20 microns. 

2. The device of claim 1, further comprising a 
focusing arrangement for focusing said operating beam at said 
operated living tissue, a guide light unit generating a guide 
light beam for targeting of said operating beam at said 
operated living tissue and a cooling unit for cooling of at 
least said operating laser assembly. 

3 . The device of claim 2 further comprising a 
suction arrangement for removal of disintegrated tissue 
products from an area of said operated living tissue. 

4. The device of claim 3, wherein said operating 
laser assembly comprises at least an operating laser element 
emitting said operating beam and exciting arrangement for 
exciting of said operating laser element. 
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5. The device of claim 4, further comprising a 
handpiece adopted for convenient positioning in hands of an 
operator, said handpiece having interior and exterior parts, 
at least a portion of said operating laser assembly and said 
focusing arrangement are situated within said interior part of 
said handpiece . 

6. The device of claim 5, wherein at least 
portions of said cooling unit and said guide light unit are 
situated within the interior portion of said handpiece. 

7. The device of claim 6, wherein said cooling 
unit is a fan producing an air stream extending longitudinally 
within said interior portion of said handpiece, so that said 
at least a portion of the operating laser assembly is situated 
within said air stream and is efficiently cooled. 

8. The device of claim 5, wherein said exciting 
arrangement is positioned outside said handpiece and is 
connected to said operating laser element by at least one 
optical fiber. 

9 . The device of claim 5 , wherein said operating 
laser element consists of working and auxiliary parts, said 
working part is situated within said handpiece, said auxiliary 
part and said exciting arrangement are situated outside of 
said handpiece, said working and auxiliary parts of the 
operating laser element are connected through a light guide 
consisting of at least one fiber. 
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10. The device of claim 1 # wherein said detecting 
arrangement is selected from the group consisting essentially 
of photo elements, photo resistors and photo diodes. 

11. The device of claim 1, wherein the wavelength 
of said operating beam is between 2.9 and 3.0 microns. 

12. The device of claim 4, wherein said operating 
laser element is Er : YAG laser rod. 

13. The device of claim 1, wherein the wavelength 
of said operating beam emitted by said operating laser 
element is selected from the group consisting of the following 
ranges 1.25-1.40; 1.7-2.1; 2.5-3.1 and 5.5-7.5 microns. 

14. The device of claim 4, wherein a laser medium 
of said operating laser element is selected from the group 
consisting essentially Y^AI^O^: Nd; Gd^Ga^O^: Cr, Ce, Nd; 
MgF z : Co; BaYb^ F^ : Er; LiYF^ : Er :Tm, HO; Y^Sc^Al^O^: Cr,Er; 
(Y,Er)^ Al^O^HF (chemical) and CO(gaseous). 

15. The device of claim 2, wherein said guide light 
unit provides a continuous low power beam and is selected from 
the group consisting essentially He:Ne laser, a semiconductor 
laser and light emitting diodes. 

16. The device of claim 4, wherein said exciting 
arrangement is selected from the group consisting essentially 
a flash lamp and a diode laser. 
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17 . A laser surgical device for vaporization of a 
living tissue comprising: 

a housing having interior and exterior portions; 
a laser cavity containing at least a part of an 
operating laser assembly generating an operating beam; 
a fan producing a cooling air stream; 
a focusing arrangement for focusing said operating 

beam; 

a guide light unit for targeting said operating 
beam; said laser cavity, said fan, said focusing arrangement 
and said guide light unit are situated within said interior 
portion of the housing in such a manner that said fan is 
positioned rearwardly of said laser cavity and said guide 
light unit situated forwardly of said laser cavity facing said 
focusing lens, whereby said air stream extending longitudi- 
nally within said interior portion of the handpiece effi- 
ciently cools at least said laser cavity. 

18 . A method of surgical vaporization of a living 
tissue comprising the steps of : 

(a) generating an operating laser beam having a 
predetermined wavelength corresponding to a peak absorption 
wavelength of water; 

(b) detecting a condition of an operated living 
tissue by receiving and reviewing a radiation signal reflected 
from said operated living tissue and producing a control 
signal ; and 

(c) controlling and adjusting characteristics of 
said operating beam based on said control signal, so that the 
depth of vaporization of said living tissue does not exceed 
15-20 microns. 
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19. The method of claim 18, wherein the wavelength 
of said operating beam emitted by said operating laser element 
is selected from the group consisting of 1.25-1.40; 1.7-2.1; 
2.5-3.1 and 5.5-7.5 microns. 

20. The method of claim 18, wherein a laser medium 
of said operating laser element is selected from the group 
consisting essentially Y^AL^O^: Nd; Gd^a^O^: Cr, Ce, Nd; 
MgF^ : Co; BaYt^ F d : Er ; LiYF^: ErjTm,Ho; ^Sc^ Al^O^: Cr,Er ; 
(Y,Er) Al s O /2 ; HF (chemical) and CO(gaseous). 
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The present invention relates in general to therapeutic devices 
with a laser irradiator. It relates especially to an oral care device, 
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(57) Zusammenfassung 

Die vorliegende Erfindung bezieht sich allgemein auf Ther- 
apieger&te mit einer Laserbestrahlungsvorrichtung. Insbesondere 
bezieht sich die Erfindung auf ein Mundpflegegerat, ein Gerat zur 
Therapie von Rhinitis und Akne, ein Gerat zur Stimulation von 
Testosteron, ein Innenohrstorungs-Behandlungsgerat zur Therapie 
einer chronischen komplexen Innenohrstorung, ein Gerat zur Stim- 
ulierung des Zentralnervensystems, ein Gerat zur Therapie und Pro- 
phylaxe von Dekubitus sowie auf ein Gerat zur Biostimulation von 
Pflanzen. 
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Beschreibuna 
Therapieaerat mit einer Laserbestrahlunasvorrichtuna 

5 Die vorliegende Erfindung bezieht sich allgemein auf 

Therapiegerate mit einer Laserbestrahlungsvorrichtung. 
Insbesondere bezieht sich die Erfindung auf ein Mundpfle- 
gegerat gemafi dem Oberbegriff des Anspruchs 1, ein Gerat 
zur Therapie von Rhinitis und Akne gemafi dem Oberbegriff 

10 des Anspruchs 10, ein Gerat zur Stimulation von Testo- 
steron im Hoden gemafi dem Oberbegriff des Anspruchs 14, 
ein Innenohrstorungs-Behandlungs gerat zur Therapie einer 
chronischen komplexen Innenohrstorung gemafi dem Oberbe- 
griff des Anspruchs 19, ein Gerat zur Stimulierung des 

15 Zentralnervensys terns gemafi dem Oberbegriff des Anspruchs 
25, ein Gerat zur Therapie und Prophylaxe von Dekubitus 
gemafi dem Oberbegriff des Anspruchs 33 sowie auf ein Ge- 
rat zur Biostimulation von Pflanzen gemafi dem Oberbegriff 
des Anspruchs 42 . 

20 

Bei den von der Erfindung weitergebildeten Mundpfle- 
gegeraten handelt es sich vorzugsweise urn solche Gerate, 
die einen Handgriff aufweisen, der mit einem in den Mund 
einfiihrbaren Mundstiick versehen ist, an des sen mundseiti- 

25 gem Ende eine Mundpf legevorrichtung sitzt. Gemafi einer 
Weiterbildung der Erfindung werden von dieser vorzugs- 
weise solche Mundpf legevorrichtungen umfafit, die elek- 
trisch betrieben werden. Eine derartige elektrisch be- 
triebene Mundpf legevorrichtung ist vorzugsweise eine 

30 Munddusche oder auch eine elektrische Zahnbiirste. Die 
Vorteile derartig betriebener Mundpf legegerate im Hin- 
blick auf die Reinhaltung der Zahne und/oder die Massage 
des Zahnfleisches sind hinlanglich bekannt und sollen da- 
her an dieser Stelle nicht weiter diskutiert werden. 

35 

In Zahnartpraxen werden in letzter Zeit vermehrt so- 
genannte "Low-Level-Laserbestrahlungsvorrichtungen" ein- 



WO 96/36396 



-2- 



PCT/DE96/00789 



gesetzt; ihr Verwendungszweck ist insbesondere die Thera- 
pie und Prophylaxe der Parodontose sowie die Therapie und 
die Prophylaxe von Stomatitis aphtosa, von Herpeserkran- 
kungen der Lippen (Herpes labiales) und der Mundschleim- 
5 haut sowie von Akne . Der Zusatz "Low-Level " 
( "Niedrigpegel " ) f iir derartige therapeutische Laserbe- 
strahlungsvorrichtungen wurde deshalb gepragt , weil die 
Ausgangsleistung bzw. Dosierung des abgegebenen Laser- 
strahls so bemessen ist, dafi er keinerlei thermische Wir- 
10 kung an dem beauf schlagten Korperteil, also insbesondere 
dem Zahnfleisch, hervorruft. 

Es gibt bereits zahlreiche wissenschaf tliche Verof- 
f entlichungen, in denen untersucht wird, welche biologi- 

15 sche bzw . therapeutische Wirkung koharentes Licht geeig- 
neter Wellenlange auf lebendes Gewebe hat. In zahlreichen 
dieser Veroff entlichungen wird eine stimulierende Wirkung 
auf den zellularen Stoffwechsel beschrieben. Eine wesent- 
liche Wirkung des koharenten Lichts scheint insbesondere 

20 darin zu liegen, daii es die mitochondriale Adenosintri- 
phosphat-Synthese ( "ATP-Synthese" ) stimuliert. Zellscha- 
digende Wirkungen von koharentem Licht - sofern dessen 
Intensitat bzw. Energiegehalt nicht zu hoch gewahlt wird 
- sind demgegeniiber noch nicht beobachtet worden, so dafi 

25 das lebende Gewebe durch eine solche therapeutische Be- 
strahlung of fensichtlich nicht geschadigt werden kann. 

Trotz der anerkannt guten therapeutischen Wirksamkeit 
einer derartigen Low-Level-Laserbestrahlungsvorrichtung 

30 sind ihrer weiteren Verbreitung bei der Zahnf leischbe- 
handlung dadurch Grenzen gesetzt, dafi bislang lediglich 
in Zahnarzpraxen entsprechende Gerate zur Verfugung ste- 
hen. Die jeweilige Therapie kann daher nur vom Zahnarzt 
durchgef iihrt werden . Da die zu erzielende therapeutische 

35 Wirksamkeit in vielen Fallen eine relativ lange Behand- 
lungsdauer erfordert, ist der Einsatz solcher Low-Level- 
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Laserbestrahlungsvorrichtungen f iir die meisten Patienten 
vergleichsweise beschwerlich, so dafi ihrer weiteren Ver- 
breitung auch insofern Grenzen gesetzt sind. 

5 Der Erf indung liegt die Auf gabe zugrunde, ein Mund- 

pf legegerat gemaii dem Oberbegrif f des Anspruchs 1 zu 
schaffen, mit dem therapeutische Wirkungen erzielbar 
sind. 

10 Diese Aufgabe wird erf indungsgemafi mit der im Kenn- 

zeichnungsteil des Anspruchs 1 angegebenen Mafinahme ge- 
lost . 

Der Kerngedanke der vorliegenden Erfindung ist somit 

15 in einer Kombination eines herkommlichen Mundpf legegerats 
gemafi dem Oberbegrif f des Anspruchs 1 mit einer Low- 
Level-Laserbestrahlungsvorrichtung zu sehen, wobei diese 
Low-Level-Laserbestrahlungsvorrichtung so im Mundpf lege- 
gerat angeordnet ist, daJJ der von ihr erzeugte Laser- 

20 strahl liber das Mundstiick in den Mund projiziert werden 
kann. Das erf indungsgemafie Mundpf legegerat stellt somit 
ein Kombinationsgerat dar f das neben der iiblichen Mund- 
pflege auch die therapeutische Behandlung des Zahnflei- 
sches und dergleichen ermoglicht. Ein derartiges Kombina- 

25 tionsgerat kann sowohl derart gestaltet sein, dafi eine 
erf indungsgemafie Low-Level-Laserbestrahlungsvorrichtung 
fest in einem herkommlichen Mundpf legegerat untergebracht 
ist, als auch so, dafi die Low-Level-Laserbestrahlungsvor- 
richtung (beispielsweise in Form eines Laserstifts ) 16s- 

30 bar am Mundpf legegerat befestigbar ist, 

Neben dem unbestreitbaren Vorteil, dai3 mit dem erfin- 
dungsgemafien Kombinationsgerat langwierige Besuche beim 
Zahnarzt vermieden werden konnen, hat dies den weiteren 
35 Vorteil, dafl die therapeutische Behandlung wesentlich 6f- 
ter und auch gleichmafiiger erfolgen kann, so dafi zu er- 
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warten ist , daJi die Wirksamkeit gegenuber den in den 
Zahnarztpraxen installierten Laserbestrahlungsvorrichtun- 
gen gegebenenf alls sogar verbessert werden kann. Durch 
die haufige Anwendung des erf indungsgemafien Mundpf legege- 
5 rats sind gute therapeutische Wirkungen selbst dann zu 
erwarten, wenn aus Sicherheitsgriinden fiir den Laserstrahl 
eine geringe Ausgangsleistung von beispielsweise ledig- 
lich 1 bis 5 mW gewahlt wird (Laserklasse IIIA) . 

10 Die erf indungsgemafl vorgesehene Low-Level-Laserbe- 

strahlungsvorrichtung kann beispielsweise im Handgrif f 
des Mundpf legegerats untergebracht werden, wobei der von 
ihr erzeugte Laserstrahl iiber eine Lichtleitervorrichtung 
durch das Mundstiick hindurchgeleitet wird und iiber eine 

15 am mundseitigen Ende des Mundstiicks vorgesehene Linse aus 
diesem austritt. Da zur Erzeugung des Laserstrahls vor- 
zugsweise ein kompakter Diodenlaser verwendet wird, wer- 
den somit die Gesamtabmessungen des Mundpf legegerats ge- 
geniiber einem herkommlichen Gerat kaum nennenswert ver- 

20 grofiert, zumal die elektrische Energieversorgung iiber die 
ohnehin vorhandene Versorgung der im Mundpf legegerat in- 
stallierten Mundpf legevorrichtung, wie beispielsweise ei- 
ner Munddusche oder einer elektrischen Zahnbiirste, erfol- 
gen kann. Im Falle einer als Laser-Beistellstif t ausge- 

25 bildeten Laserbestrahlungsvorrichtung kann die Energie- 
versorgung iiber eine gemeinsame Auf ladestation beispiels- 
weise in Form einer Akku-Standkonsole erfolgen. 

Die den Laserstrahl pro jizierende Linse ist am mund- 
30 seitigen Ende des Mundstiicks vorzugsweise so angeordnet, 
dafi der Laserstrahl beim Gebrauch des Gerats im wesentli- 
chen auf das Zahnfleisch gerichtet ist. Da die Stellung 
des Mundstiicks beim Gebrauch einer Munddusche oder einer 
elektrischen Zahnbiirste weitgehend definiert ist, berei- 
35 tet die Auswahl einer hierfiir geeigneten Position der 
Linse in der Praxis keine Probleme. Um auf jeden Fall si- 
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cherzustellen, daJ3 weite Bereiche des Zahnf leisches vom 
Laserstrahl beauf schlagt werden, konnte gegebenenf alls 
daran gedacht werden, den Laserstrahl iiber mehrere Linsen 
abzustrahlen und/oder eine Linse mit breiter Facherung zu 
5 verwenden . 

Das erf indungsgema.Be Mundpf legegerat wird bestim- 
mungsgemafl insbesondere von Laien verwendet. Eine unsach- 
gemafie Handhabung des Mundpf legegerats kann daher insbe- 

10 sondere dann zu Problemen fuhren, wenn die Ausgangslei- 
stung des Laserstrahls beispielsweise iiber 5 mW liegt und 
die betreffende Person den Laserstrahl auf besonders emp- 
f indliche Korperteile wie beispielsweise das Auge rich- 
tet. Um solche Gefahren auszuschliefien, kann entweder 

15 daran gedacht werden, die Ausgangsleistung von vornherein 
auf ungef ahrliche Werte zu begrenzen, oder aber einen 
Sensor vorzusehen, der jeweils erfafit, ob sich das mund- 
seitige Ende des Mundstiicks bzw. die Linse im Mund befin- 
det oder nicht; wenn der Sensor erkennt, dafi dies nicht 

20 der Fall ist f wird die Low-Level-Laserbestrahlungsvor- 
richtung von einer entsprechenden Steuervorrichtung auto- 
matisch abgeschaltet f so dai3 auBerhalb der Mundhohle be- 
f indliche Korperteile keines falls gef ahrdet werden kon- 
nen. 

25 

Die akute oder chronische sowie die allergische Rhi- 
nitis zahlt zu den am haufigsten auftretenden und gleich- 
zeitig zu den als sehr unangenehm empfundenen Erkrankun- 
gen der Nasenschleimhaute . Wenn keine Maflnahmen zur Be- 

30 handlung ergriffen werden, so ist der Schnupfen zumindest 
mit einem sehr starken Verbrauch von Taschentiichern ver- 
bunden, was sowohl kostentrachtig als auch unhygienisch 
ist . Die bis lang bekannten Behandlungsmethoden in Form 
der Verabreichung von Medikamenten oder dergleichen haben 

35 andererseits den Nachteil, dafi die damit einhergehenden 
Nebenwirkungen wie das ubermaflige Austrocknen der 
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Schleimhaute vom medizinischen Standpunkt sehr bedenklich 
sind, so dafl vielf ach vom Gebrauch solcher Medikamente 
abgeraten wird. 

5 In den Praxen von HNO-Arzten stehen zwar bereits Ce- 

rate zur Verfiigung, die in der Lage sind, durch Inhala- 
tion , Warmebehandlung usw. eine vergleichsweise gute Hei- 
lung von Schnupfen Oder Katarrh herbeizufiihren, jedoch 
ist hierfur stets ein Besuch beim Arzt erf orderlich, was 
10 entsprechend zeitaufwendig und lastig ist. 

Es ware daher wiinschenswert , ein einfach handzuhaben- 
des und gleichwohl wirksames Gerat zur Verfiigung zu ha- 
ben, das in der Lage ist, akute oder chronische Rhinitis 
15 wirksam zu behandeln oder sogar vollig auszuheilen. 

Ein weiterer wesentlicher Gesichtspunkt der vorlie- 
genden Erfindung liegt somit darin, ein Gerat zur Thera- 
pie und Prophylaxe von akuter oder chronischer Rhinitis 
20 zu schaf fen, das eine einfache und gleichwohl wirksame 
therapeutische Behandlung von Rhinitis gestattet. 

Die vorliegende Erfindung beruht auf der Erkenntnis, 
dafi die an sich bekannte, einleitend erlauterte zell- 

25 stof fwechselstimulierende Wirkung von koharentem Licht 
geeigneter Energie und geeigneter Wellenlange gegebenen- 
falls auch beim Auftreten von Rhinitis eine positive bzw. 
regenerierende und anregende biologische Wirkung entfal- 
ten konnte. Untersuchungen des Anmelders haben tatsach- 

30 lich ergeben, daii durch Anwendung von koharentem Licht 
beachtliche positive Auswirkungen bei der Therapie und 
Prophylaxe von Rhinitis festgestellt werden konnen. Die 
genannten biologischen Wirkungen des Laserlichts ermogli- 
chen dariiber hinaus auch eine positive Beeinf luflung von 

35 Aknepusteln oder anderen kleinf lachigen kosmetisch sto- 
renden entziindlichen Hautveranderungen oder Narben. Dies 
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gilt in gleicher Weise fur die Stimulation von Testo- 
steron. 

Unter Zugrundelegung dieser wissenschaf tlichen Er- 
5 kenntnis schlagt die Erfindung somit ein Gerat zur Thera- 
pie und Prophylaxe von Rhinitis sowie von Akne vor, das 
eine in einem Einhandgehause befindliche Low-Level-Laser- 
bestrahlungsvorrichtung aufweist , die mindestens einen 
Laserstrahl erzeugt, der iiber eine in die Nasenoffnung 

10 eines Patienten einfiihrbare Lichtleitervorrichtung auf 
das Naseninnere einwirkt bzw. auf Aknepustel gerichtet 
werden kann. Die Erfindung schafft somit ein sehr einfach 
und insbesondere ohne Hilfe eines Arztes oder Therapeuten 
bedienbares Gerat, das in jedem Haushalt vorhanden sein 

15 kann oder ggf . sogar unterwegs mitgefuhrt werden kann, so 
da/3 eine vergleichsweise konstante und entsprechend wirk- 
same Behandlung durchgefiihrt werden kann. Insbesondere 
sind zeitaufwendige und teuere Besuche beim HNO-Arzt oder 
anderen Arzten entbehrlich. 

20 

Wie bereits erwahnt wurde, werden die von der Erfin- 
dung verwendeten Low-Level-Laserbestrahlungsvorrichtungen 
bereits in zahlreichen Arztpraxen zur Behandlung von er- 
kranktem Gewebe eingesetzt . Low-Level-Laserbestrahlungs- 

25 vorrichtungen stellen somit ein bewahrtes Behandlungs in- 
strument dar, so daJi das erf indungsgemafie Gerat auf die 
hiermit gewonnenen Erfahrungen zuriickgreif en kann, was 
dazu fiihrt, daii das erf indungsgemafle Gerat trotz auflerst 
geringem Aufwand mit sehr hoher Zuverlassigkeit ausge- 

30 stattet werden kann; insbesondere ist es moglich, die 
Herstellungs- und Entwicklungskosten in vergleichsweise 
niedrigen Grenzen zu halten. 

Der sogenannte Tinnitus stellt eine chronische kom- 
35 plexe Innenohrstorung dar. Es handelt sich hierbei urn ei- 
ne Erkrankung der Horschnecke ( Cochlea ) . Der sogenannte 
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chronische vestibulare Vertigo stellt demgegeniiber eine 
Erkrankung des Vestibularorgans (des Labyrinths) des Oh- 
res dar . Beide Erkrankungen sind hauf ige Storungen des 
Innenohres und werden mit dem erf indungsgemafl Gerat vor- 
5 zugsweise behandelt; jedoch konnen mit diesem Gerat ggf. 
auch weitere, hier nicht naher erlauterte Erkrankungen 
des Innenohres behandelt werden , wie z . B . die Innenohr- 
schwerhorigkeit . 

10 Fiir die betroffene Person auflert sich der Tinnitus 

als permanenter Pfeifton bzw. als ein ununterbrochenes 
Summgerausch in bestimmten Frequenzen. Dieser permanente 
Pfeifton ist fiir die betroffene Person einerseits auflerst 
unangenehm und kann sogar zu psychischen Storungen fiih- 

15 ren, wahrend andererseits das Horvermogen in dem zugeord- 
neten Frequenzbereich entsprechend eingeschrankt ist. Aus 
diesem Grund werden in letzter Zeit vermehrt Anstrengun- 
gen unternommen, den Tinnitus geeigneten Therapien zu un- 
terziehen. 

20 

Als eine der erf olgreichsten Therapien zur Tinnitus- 
behandlung hat sich in letzter Zeit ebenfalls die Verwen- 
dung eines Low-Level-Lasers herauskristallisiert . Im 
Falle der Tinnitusbehandlung mittels eines derartigen 

25 Low-Level-Lasers wurden insbesondere bei der Bestrahlung 
iiber das Mastoid (an einer ca. 2 cm hinter der Ohrmuschel 
befindlichen Stelle) oder des Gehorgangs bereits beacht- 
liche Heilungserfolge erzielt. Auch der Vertigo und die 
Innenohrschwerhorigkeit konnen mit dieser Methode behan- 

30 delt werden. 

Die genannten Low-Level-Laservorrichtungen sind Spe- 
zialgerate, die derzeit nur in entsprechend eingerichte- 
ten Arztpraxen oder Kliniken vorhanden sind. Der betrof- 
35 fene Patient mui3 daher fiir jede Innenohrstorungs- bzw. 
Tinnitusbehandlung eine solche Arztpraxis bzw . Klinik 
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aufsuchen. Da eine fiihlbare Heilungswirkung bei einer 
Low-Level-Laserbestrahlung in der Regel erst nach ver- 
gleichsweise langen Zeitrauraen eintritt, mufi der Patient 
entsprechend haufig die Arztpraxis bzw. Klinik aufsuchen. 
5 Dies ist einerseits fur den Patienten lastig und hat an- 
dererseits den Nachteil, dafi entsprechend hohe Behand- 
lungskosten auftreten. 

Ein weiterer wesentlicher Gesichtspunkt der vorlie- 
10 genden Erfindung liegt somit darin, ein Innenohrstorungs- 
Behandlungsgerat zu schaffen, mit dem die Behandlungsko- 
sten deutlich herabgesetzt werden konnen. 

Die Erfindung schlagt in diesem Zusammenhang vor, ei- 

15 ne Low-Level-Laserbestrahlungsvorrichtung vorzusehen, die 
mittels einer geeigneten Bef estigungsvorrichtung losbar 
derart am Ohr eines Patienten befestigt werden kann, dafl 
der Laserstrahl auf mindestens einen vorbestimmten Be- 
reich des Ohres einwirkt. Der Kerngedanke dieser Maflnahme 

20 ist somit darin zu sehen, eine Low-Level -Las erbest rah- 
lungsvorrichtung zu schaffen, die der Patient fur die 
Dauer der Behandlung standig mit sich tragt, so dafi eine 
entsprechend intensive Behandlung erfolgt, was erwarten 
laJit, dafi die Heilungsaussichten mit dem erf indungsgema-' 

25 J3en Gerat sogar noch hoher sind, als mit den in Arztpra- 
xen bzw. Kliniken vorhandenen herkommlichen Low-Level-La- 
servorrichtungen. Ein weiterer Vorteil des erf indungsge- 
mafien Innenohrstorungs-Behandlungs gerat s liegt darin, dafi 
es im Prinzip ausreicht, wenn das Gerat von einem ent- 

30 sprechenden Therapeuten zu Beginn der Behandlung angepafit 
wird; weitere Arztbesuche sind fur den Patienten dann 
nicht mehr notwendig, so dafi die Therapie fur den Patien- 
ten entsprechend bequemer ist. Die mit den Arzt- bzw. 
Klinikbesuchen verbundenen Behandlungskosten entf alien 

35 ebenfalls, so dafi insgesamt grofie Kostenvorteile erzielt 
werden . 
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Die Low-Level-Laserbestrahlungsvorrichtung des erfin- 
dungsgemaflen Innenohrstorungs-Behandlungsgerats kann in 
der Befestigungsvorrichtung selbst untergebracht sein, 
wobei in diesem Fall vorzugsweise eine Lichtleitervor- 
richtung vorgesehen ist, iiber die der von der Laserbe- 
strahlungsvorrichtung abgegebene Laserstrahl ggf . einer 
Linse zugefiihrt wird, aus der der Laserstrahl austritt 
und auf den/die vorbestimmten Bereich ( e ) einwirkt . Der 
Lichtleiter besteht vorzugsweise aus einem Material, das 
es dem das Gerat anpassenden Therapeuten gestattet, die 
Position des Lichtaustritts , d.h. den vorbestimmten Wir- 
kungsbereich, durch Verbiegen, Verschwenken oder derglei- 
chen einzustellen. Gegebenenf alls kann zwischen der Befe- 
stigungsvorrichtung und der Lichtleitervorrichtung auch 
eine Verstellvorrichtung vorgesehen werden, die es ge- 
stattet, die Lange und/oder Richtung der Lichtleitervor- 
richtung durch Verschrauben oder dergleichen zu andern. 

20 Alternativ kann es sich bei der Low-Level-Laserbe- 

strahlungsvorrichtung des erf indungsgemafien Innenohrsto- 
rungs-Behandlungsgerats auch urn eine separate Einheit 
handeln, deren Laserstrahl iiber eine flexible Lichtlei- 
tervorrichtung ggf. einer an ihrem Ende sitzenden Linse 

25 zugefiihrt wird, wobei in diesem Fall lediglich die Linse 
und/oder das Ende der Lichtleitervorrichtung mittels der 
Befestigungsvorrichtung am Ohr befestigt wird. Bei dieser 
Variante der Erfindung wird die Laserbestrahlungsvorrich- 
tung beispielsweise in die Hemdtasche, in die Hosentasche 

30 oder an den Giirtel des Patienten gesteckt. Diese Variante 
der Erfindung wird daher insbesondere dann eingesetzt, 
wenn die verwendete Low-Level-Laserbestrahlungsvorrich- 
tung und/oder deren Batteriestromversorgung vergleichs- 
weise groJ3 und/oder schwer ist. 
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Ein weiterer, wesentlicher Aspekt bei diesem Gerat 
liegt darin, dafi als Bef estigungsvorrichtung eine bereits 
vorhandene Einrichtung verwendet wird. Bei einer solchen 
Einrichtung kann es sich insbesondere um ein Brillenge- 
5 stell, ein Horgerat, einen Tinnitusmasker oder um ein 
Kombinationsgerat aus einem Tinnitusmasker und einem Hor- 
gerat handeln (ein Tinnitusmasker ist ein kleiner Laut- 
sprecher , der ein Gerausch in der Frequenz des Tinnitus 
erzeugt, so dafl der Patient den Eindruck hat, beim Tinni- 

10 tus wiirde es sich um ein externes Gerausch handeln) . 
Selbstverstandlich ist es jedoch auch moglich, fur das 
erf indungsgemafie Innenohrstorungs-Behandlungsgerat eine 
eigene Bef estigungsvorrichtung vorzusehen, wie beispiels- 
weise einen am Ohr bef estigbaren Biigel, ein in das Ohr 

15 einfiihrbares Teil ( vergleichbar einem Innenohr-Horgerat ) 
oder einen auf den Kopf auf stiilpbaren Biigel nach Art ei- 
nes Kopf horers . 

Storungen des Zentrainervensystems eines Menschen 
20 treten bekanntlich in mehr oder weniger gravierender Form 
auf. In diesem Zusammenhang ist insbesondere die bekannte 
Alzheimerkrankheit zu nennen. Viele Menschen sind dariiber 
hinaus von einer allgemeinen oder spezifischen Hirnlei- 
stungsschwache betroffen, leiden an Depressionen, Konzen- 
25 trat ions storungen usw. Es ware daher wiinschenswert, ein 
einfach handzuhabendes und gleichwohl wirksames Gerat zur 
Verfxigung zu haben, das durch geeignete Stimulierung des 
Zentrainervensystems die vorstehend genannten Erkrankun- 
gen wirksam behandeln oder sogar vollig ausschalten kann. 
30 Ein derartiges Gerat konnte gegebenenf alls sogar zur all- 
gemeinen zerebralen Leistungssteigerung verwendet werden. 

Ein weiterer wesentlicher Gesichtspunkt der vorlie- 
genden Erfindung liegt somit darin, ein Gerat zur Stimu- 
35 lierung des Zentrainervensystems zu schaf fen, das eine 
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einf ache und gleichwohl wirksame therapeutische Behand- 
lung zerebraler Erkrankungen gestattet. 

Der vorliegende Aspekt der Erf indung beruht auf der 
5 Erkenntnis , dafi die bekannte zellstof fwechselstimulie- 
rende Wirkung von koharentem Licht geeigneter Energie und 
geeigneter Wellenlange gegebenenf alls auch im Zentralner- 
vensystem eine positive bzw. regenerierende und anregende 
biologische Wirkung entfalten konnte. Untersuchungen des 

10 Anmelders haben tatsachlich ergeben, dafi durch Anwendung 
von koharentem Licht beachtliche positive Auswirkungen 
auf das Zentralnervensystem festgestellt werden konnen. 
Es ist somit zu erwarten, dafi die von der Erf indung vor- 
geschlagene Anwendung von koharentem Licht zur Stimulie- 

15 rung des Zentralnervensystems geeignet ist, die eingangs 
genannten Krankheiten, wie insbesondere die Alzheimer- 
krankheit, die allgemeine Oder spezifische Hirnleistungs- 
schwache, Depressionen, Konzentrationsstorungen usw. , 
therapeutisch wirksam zu behandeln oder sogar vollig aus- 

20 zuschalten, 

Unter Zugrundelegung dieser wissenschaf tlichen Er- 
kenntnis schlagt die Erfindung somit ein Gerat zur Stimu- 
lierung des Zentralnervensystems vor, das eine Low-Level- 

25 Laserbestrahlungsvorrichtung aufweist, die mindestens ei- 
nen Lasers trahl erzeugt, der auf mindestens einen vorbe- 
stimmten Bereich der Haut des Patienten, vorzugsweise in 
unmittelbarer Nahe des zu stimulierenden Zentralnervensy- 
stems, einwirkt. Aufgrund der bereits zahlreichen Verwen- 

30 dung derartiger Low-Level-Laserbestrahlungsvorrichtungen 
(siehe die obigen Ausfuhrungen) stellen diese ein bewahr- 
tes Behandlungs instrument dar, so daB das erf indungsgema- 
J3e Gerat auf die hiermit gewonnenen Erf ahrungen zuriick- 
greifen kann, was dazu fuhrt, daB das erf indungsgemaiie 

35 Gerat trotz aufierst geringem Aufwand mit sehr hoher Zu- 
verlassigkeit ausgestattet werden kann; auch die Herstel- 
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lungs- und Entwicklungskosten halten sich dadurch in ver- 
gleichsweise niedrigen Grenzen. 

Ein weiterer Gesichtspunkts liegt darin, da!5 das Zen- 
5 tralnervensystem-Stimulierungsgerat in der Lage ist, ver- 
schiedene Bereiche des Zentralnervensys terns entweder 
gleichzeitig oder - je nach Indikationsstellung - parti- 
ell mit dem Lasers trahl bzw. den Lasers trahlen der Low- 
Level-Laserbestrahlungsvorrichtung von aufien zu behan- 

10 deln. Dies kann beispielsweise dadurch erreicht werden, 
daJ3 die Low-Level-Laserbestrahlungsvorrichtung auf den 
Kopf des Patienten einwirkt. Zu diesem Zweck ist es von 
besonderem Vorteil , wenn ein helm- oder haubenartiger 
Aufsatz fiir den Kopf des Patienten vorgesehen wird, wobei 

15 dieser Aufsatz vorzugsweise eine Vielzahl von Laser- 
strahl-Sendeelementen tragt, deren Laserstrahlen ins In- 
nere des Aufsatzes gerichtet sind. Hierdurch ist es mog- 
lich, das Zentralnervensys tern relativ gleichmafiig von au- 
J3en zu behandeln; gleichwohl kann auf sehr einfache Weise 

20 eine gezielte bereichsweise Behandlung erfolgen, indem 
die entsprechenden Sendeelemente selektiv aktiviert wer- 
den. 

Der Aufsatz kann beispielsweise an einem schwenkbaren 
25 Halter befestigt werden, so daJ3 er auf einfache Weise 
nach Art einer Trockenhaube iiber den Kopf des Patienten 
gestxilpt werden kann, wobei auch der Abstand der Sende- 
elemente zur Kopfhaut des Patienten auflerst einfach ein- 
gestellt werden kann. Zur Einstellung eines definierten 
30 Abstands zur Kopfhaut konnen alternativ oder zusatzlich 
zu dieser Maiinahme im Inneren des Aufsatzes Abstandshal- 
ter vorgesehen werden, die die Innenwand des Aufsatzes 
und damit die Laserstrahl-Sendeelemente in einem vorbe- 
stimmten Abstand zur Kopfhaut des Patienten halten. Der- 
35 artige Abstandshalter sind insbesondere dann nutzvoll, 
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wenn der erf indungsgemafle Aufsatz ohne Halter aufgestiilpt 
wird, d.h. eine Art Helm darstellt. 

Die Lasers trahl-Sendeelemente konnen beispielsweise 
5 jeweils aus einer Laserdiode gebildet werden, die entwe- 
der jeweils von einer eigenen Batterie oder aber von ei- 
ner zentralen Stromversorgungseinrichtung gespeist wer- 
den. Alternativ hierzu kann jedes Laserstrahl-Sendeele- 
ment aus einer Lichtleitervorrichtung bestehen, an deren 

10 Ende gegebenenf alls eine Linse sitzt. Am anderen Ende 
werden alle Laserstrahl-Sendeelemente beispielsweise aus 
einer gemeinsamen Laserlichtquelle gespeist. Alternativ 
hierzu kann fur jedes oder zumindest fiir einen Teil der 
Laserstrahl-Sendeelemente eine eigene Laserlichtquelle 

15 vorgesehen werden, so dafi die Moglichkeit besteht, einige 
oder alle Laserstrahl-Sendeelementen mit anderer Frequenz 
und/oder Leistung zu betreiben. Die Laserlichtquellen 
konnen entweder Teil der Haube sein oder in einem exter- 
nen Gerat angeordnet werden. 

20 

Obgleich der genannte helm- oder haubenartige Aufsatz 
die bevorzugte Art der therapeutischen Behandlung des 
Kopfs eines Patienten darstellt, kann die Low-Level-La- 
serbestrahlungsvorrichtung auch auf jede andere Art auf 

25 die zu beauf schlagenden Bereiche des Zentralnervensys terns 
einwirken. So ist es zum Beispiel moglich, die Low-Level- 
Laserbestrahlungsvorrichtung an Schwenkarmen, Fuhlern, 
externen Strahlern oder dergleichen anzubringen. Gegebe- 
nenf alls ist es sogar moglich, die Low-Level-Laserbe- 

3 0 s trahlungsvorrichtung als Teil eines Ganzkorperbehand- 
lungsgerats nach Art einer Sonnenbank auszubilden. In je- 
dem Fall sollten jedoch Maiinahmen ergriffen werden, die 
sicher verhindern, dafi die Intensitat der abgegebenen La- 
serstrahlen nur so hoch ist, dafi empfindliche Korperteile 

35 wie insbesondere das Auge hierdurch nicht geschadigt wer- 
den. 
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Das von der Erfindung geschaffene Gerat zur Stimulie- 
rung des Zentralnervensystems kann sowohl als therapeuti- 
sches (medizinisch-technisches ) Gerat als auch als sol- 
5 ches Gerat konzipiert sein, das vom Laien in Eigenverant- 
wortung benutzt wird. Ferner ist es moglich, ein solches 
Gerat als Miinzgerat auszubilden, das bei Einwurf eines 
geeigneten Munzbetrages eine vorbestimmte Zeit arbeitet. 

Es ist allgemein bekannt, dafl bei langerer Bett- 
lagrigkeit (wie beispielsweise im Altenheim, nach lange- 
rem Krankenhausauf enthalt oder bei ambulanter Pflege) das 
Problem des Wundliegens auftritt; dieses in Fachkreisen 
als Dekubitus bezeichnete Phanomen stellt eine ernsthafte 
Erkrankung der betroffenen Korperbereiche dar und bedarf 
daher einer sorgfaltigen Behandlung. Gleichwohl hat es 
sich bislang als schwierig erwiesen, den Dekubitus geeig- 
net zu behandeln; auch eine Vorbeugung oder Prophylaxe 
war bisher kaum moglich. 

Es ware daher wiinschenswert , ein einfach handzuhaben- 
des und gleichwohl wirksames Gerat zur Verfiigung zu ha- 
ben, das durch geeignete Stimulierung dem Auftreten von 
Dekubitus vorbeugen oder diesen nach seinem Auftreten 
wirksam behandeln oder sogar vollig ausschalten kann. 

Ein weiterer wesentlicher Gesichtspunkt der vorlie- 
genden Erfindung liegt somit darin, ein Gerat zur 
Therapie und Prophylaxe von Dekubitus zu schaf fen, das 
30 eine einfache und gleichwohl wirksame therapeutische Be- 
handlung von Dekubitus gestattet. 

Die vorliegende Erfindung macht sich erneut die Er- 
kenntnis zunutze, dafl die an sich bekannte zellstof fwech- 
35 selstimulierende Wirkung von koharentem Licht geeigneter 
Energie und geeigneter Wellenlange gegebenenf alls auch 
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beim Auftreten von Dekubitus eine positive bzw. regene- 
rierende und anregende biologische Wirkung entf alten 
konnte . Untersuchungen des Anmelders haben tatsachlich 
ergeben, dafi durch Anwendung von koharentem Licht beacht- 
5 liche positive Auswirkungen bei der Therapie und Pro- 
phylaxe von Dekubitus festgestellt werden konnen. 

Unter Zugrundelegung dieser wis senschaft lichen Er- 
kenntnis schlagt die Erfindung somit ein Gerat zur 
10 Therapie und Prophylaxe von Dekubitus vor, das eine Low- 
Level-Laserbestrahlungsvorrichtung aufweist , die minde- 
stens einen Lasers trahl erzeugt , der auf bestimmte Be- 
reich der Haut eines Patienten einwirkt. 

Besonders vorteilhaft lafit sich das erf indungsgemafle 
Gerat dann einsetzen, wenn eine Vielzahl von Lasers trahl- 
Sendeelementen vorgesehen werden, die sich entsprechend 
auf verschiedene Bereiche der Haut des Patienten richten 
lassen, so dafi eine gleichmafiige Behandlung der gesamten 
betroffenen Hautoberf lache moglich ist. Weiterhin ist es 
von Vorteil r eine Zeitschaltuhr vorzusehen, die nach Ab- 
lauf einer vorwahlbaren Zeitspanne die Laserstrahl-Sende- 
elemente deaktiviert. Auf diese Weise kann jeder Patient 
einer vorbestiiranten Behandlungsdauer von beispielsweise 
30 Minuten unterzogen werden , ohne daJ5 Pf legepersonal an- 
wesend sein mufl. 
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Um zu erreichen, dafi die der Dekubitus -Therapie zu 
unterziehenden Hautbereiche gleichmafiig mit den Laser- 

30 strahlen beaufschlagt werden f ist es moglich, eine Streu- 
linse zur Facherung des Laserstrahls zu verwenden . Al- 
ternativ hierzu oder zusatzlich kann daran gedacht wer- 
den, den Abstrahlwinkel der Laserstrahl-Sendeelemente mo- 
torisch in der Weise zyklisch zu verandern, dafi der wunde 

35 Bereich der Haut des Patienten in zyklischer Folge mit 
den Laserstrahlen beaufschlagt wird. 
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Dieses Gerat kann insbesondere auch zur Heimbehand- 
lung ( also zur Selbstbehandlung durch den Patienten) von 
chronischen Hauterkrankungen (Hauttherapie) sowie zur 
5 Thymus stimulation verwendet werden. 

Sowohl bei in Wohnungen verwendeten Zierpflanzen als 
auch beim gewerblichen Ziichten von Pflanzen ist es ober- 
stes Ziel, das Wachstum der betreffenden Pflanzen so weit 

10 wie moglich zu fordern. Weiterhin soli die Widerstands- 
kraft der Pflanzen gegeniiber Erkrankungen oder Schadlin- 
gen erhoht werden. In aller Regel werden diese Ziele che- 
mische Diingemittel und/oder durch chemische Pflanzen- 
schutzmittel erreicht. Die Nachteile der Verabreichung 

15 solcher Mittel sind hinlanglich bekannt und bediirfen so- 
mit keiner weiteren Erlauterung. Urn den Einsatz derarti- 
ger chemischer Mittel zu verhindern oder doch zumindest 
zu reduzieren wurde daher bereits iiberlegt, das Pflanzen- 
wachstum auf alternative Weise zu fordern, so beispiels- 

20 weise durch biologische Stimulierung. Bislang sind 
gleichwohl noch keine Gerate bekannt geworden, die eine 
zuverlassige biologische Stimulierung von Pflanzen ermog- 
lichen. 

25 Ein weiterer wesentlicher Gesichtspunkt der vorlie- 

genden Erfindung liegt somit darin, ein Gerat zur Biosti- 
mulierung von Pflanzen zu schaffen, das eine einfache und 
gleichwohl wirksame Biostimulierung von Pflanzen gestat- 
tet. 

30 

Erf indungsgemafi wurde erstmals erkannt, dafi die zell- 
stof fwechselstimulierende Wirkung von koharentem Licht 
geeigneter Energie und geeigneter Wellenlange gegebenen- 
f alls auch im Zellensystem von Pflanzen eine positive 
35 bzw. regenerierende und anregende biologische Wirkung 
entfalten kann. Untersuchungen des Anmelders haben tat- 
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sachlich ergeben, daJ3 durch Anwendung von koharentem 
Licht beachtliche positive Auswirkungen auf das Zellensy- 
stem von Pflanzen festgestellt werden konnen. Es ist so- 
mit zu erwarten, daJ3 die von der Erfindung vorgeschlagene 
5 Anwendung von koharentem Licht zur Biostimulierung von 
Pflanzen geeignet ist , das Wachstum der betref f enden 
Pflanzen stark zu fordern und auch die Widerstandskraf t 
der Pflanzen gegeniiber Erkrankungen oder Schadlingen zu 
erhohen . 

10 

Unter Zugrundelegung dieser wissenschaf tlichen Er- 
kenntnis schlagt die Erfindung somit ein Gerat zur 
Biostimulierung von Pflanzen vor, das eine Low- Level-La- 
serbestrahlungsvorrichtung aufweist, die mindestens einen 

15 Laserstrahl erzeugt, der auf bestimmte Bereiche der Ober- 
flache der Pflanzen einwirkt. Das erf indungsgemafle Gerat 
kann wirksam sowohl fur Zierpflanzen oder dergleichen als 
auch fur gewerbliche Zwecke wie beispielsweise in Ge- 
wachshausern eingesetzt werden . Jedenf alls konnen chemi- 

20 sche Mittel in erheblichen Mengen eingespart werden, wo- 
bei gleichwohl eine gute Wachs turns stimulierung und hohe 
Widerstandskraf t gegen Erkrankungen erzielbar ist. 

Besonders vorteilhaf t lafit sich das erf indungsgemafie 
25 Gerat dann einsetzen, wenn eine Vielzahl von Laserstrahl- 
Sendeelementen vorgesehen werden, die sich entsprechend 
auf verschiedene Bereiche der zu stimulierenden 
Pf lanze(n) richten lassen, so daJJ eine gleichmafiige Be- 
handlung der gesamten Oberflache der Pflanze(n) moglich 
30 ist. Weiterhin ist es von Vorteil, eine manuell bedien- 
bare oder automatisch arbeitende Steuereinrichtung vorzu- 
sehen, die in Abhangigkeit von der Wachstumsphase der be- 
tref f enden Pflanze(n) eines oder mehrere Laserstrahl-Sen- 
deelemente mit jeweils geeigneter Wellenlange aktiviert 
35 und/oder deren Ausgangsleistung andert. Somit ist eine 
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optimale Anpassung des erf indungsgemaflen Gerats an das 
Wachstum der Pflanze(n) moglich. 

Untersuchungen haben gezeigt, dafi mit den erfindungs- 
5 gemafien Geraten insbesondere dann grofie Erfolge erzielbar 
sind, wenn die Low-Level-Laserbestrahlungsvorrichtung ei- 
nen Laserstrahl mit einer Wellenlange erzeugt , die sich 
vom Ultraviolettbereich bis hin zum nahen Inf rarotbereich 
erstreckt, also von circa 180 nm bis etwa 1000 nm, wobei 

10 die Ausgangsleistung bei den zur Eigenbehandlung vorgese- 
henen Geraten vorzugsweise zwischen 1 mW und 5 mW liegen 
sollte; das Gerat entspricht somit vorzugsweise der La- 
serspezifikation Klasse IIIA. Wenn die Gerate demgegen- 
iiber fiir den prof essionellen Gebrauch durch geschulte 

15 Therapeuten bestimmt sind, werden Laserbestrahlungsvor- 
richtungen mit Ausgangsleistungen bis maximal 500 mW ein- 
gesetzt . 

Gegebenenfalls kann daran gedacht werden, das Gerat 
20 mit einer Hand-Einstellvorrichtung zu versehen, mittels 
der die Ausgangsleistung der Low-Level-Laserbestrahlungs- 
vorrichtung und/oder die Wellenlange des Laserstrahls vom 
Patienten auf einen wahlbaren Wert eingestellt werden 
kann. Die Low-Level-Laserbestrahlungsvorrichtung kann 
25 entweder im kontinuierlichen Betrieb oder auch im pulsie- 
renden Betrieb arbeiten, wobei die gewiinschte Arbeits- 
weise gegebenenfalls mit einem entsprechenden Wahlschal- 
ter eingestellt werden kann. 

3 0 Die Erf indung wird nachstehend anhand der Beschrei- 

bung von Ausf iihrungsbeispielen unter Bezugnahme auf die 
Zeichnung naher erlautert. Es zeigen: 

Fig. 1 eine Ausfiihrungsf orm des Mundpflege- 

35 rats; 
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Fig. 2 eine Ausf uhrungsf orm des Gerat (200) zur 
Therapie von Rhinitis und Akne, das auch zur Stimula- 
tion von Testosteron im Hoden eingesetzt werden kann; 

Fig.3A und 3B zwei Ausfiihrungsf ormen eines 
5 Innenohrstorungs-Behandlungsgerats zur Therapie einer 

chronischen komplexen Innenohrstorung; 

Fig.4A und 4B zwei Ausfiihrungsf ormen eines 
Gerats zur Stimulierung des Zentralnervensys terns ei- 
nes Patienten; 

10 Fig, 5 eine Ausfiihrungsf orm eines Gerats zur 

Therapie und Prophylaxe von Dekubitus ; und 

Fig.6A und 6B zwei Ausfiihrungsf ormen eines 
Gerats zur Biostimulation von Pflanzen. 

15 In Fig.l ist schematisch ein Mundpf legegerat in Form 

einer Munddusche 100 gezeigt. Diese Munddusche 100 weist 
einen Handgriff 1 auf, an dessen einem Ende ein rohrfor- 
miges Mundstiick 2 sitzt, wahrend an seinem anderen Ende 
eine vorzugsweise flexible Versorgungsleitung 20 vorgese- 

20 hen ist, die sowohl zur Wasserzufuhr als auch zur Strom- 
versorgung dient. Die (nicht gezeigte) Pumpe der Munddu- 
sche kann sowohl in einem (nicht gezeigten) Wasserbehal- 
ter als auch im Handgriff 1 angeordnet sein. Der Ein/Aus- 
Schalter der Munddusche 100 kann ebenf alls entweder am 

25 Wasserbehalter oder am Handgriff 1 vorgesehen sein, wobei 
die letztere Losung eine einfachere Handhabung des erfin- 
dungsgemafien Mundpf legegerats ermoglicht. 

Wie aus der Fig.l zu erkennen ist, verlauft im rohr- 
30 formigen Mundstiick 2 ein Wasserkanal 31, der einer ledig- 
lich schematisch gezeigten Diise 3 das von der Pumpe unter 
Druck gesetzte Wasser zufiihrt. Durch das von der Diise 3, 
gegebenfalls pulsierend, abgegebene Wasser werden die da- 
mit beauf schlagten Zahne gereinigt sowie das Zahnfleisch 
35 massiert. Die Arbeitsweise einer derartigen Munddusche 
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ist im iibrigen bekannt, so dafl nahere Erlauterungen ent- 
behrlich erscheinen. 

Erf indungsgemafi ist innerhalb des Handgriffs 1 eine 
5 Low-Level-Laserbestrahlungsvorrichtung 10 angeordnet, die 
einen Laserstrahl erzeugt, der iiber einen Lichtleiter 11 , 
der innerhalb des rohrf orcnigen Mundstiicks 2 im wesentli- 
chen parallel zum Wasserkanal 31 verlauft, zu einer Linse 
12 geleitet wird, iiber die er schliefilich austritt. Wie 

10 insbesondere aus der Schnittansicht A-A zu erkennen ist, 
ist die Linse 12 etwas oberhalb der Diise 3 derart ange- 
ordnet, dafi der Laserstrahl beim Gebrauch der Munddusche 
im wesentlichen auf das Zahnfleisch gerichtet ist. Gege- 
benenfalls ist es moglich, eine Linse mit einem grofien 

15 Streubereich zu verwenden, so daJ3 entsprechend grofle Be- 
reiche des Zahnf leisches vom Laserstrahl erf afit werden. 
Weiterhin ist es moglich, den Laserstrahl iiber mehrere 
Linsen austreten zu lassen. 

20 Die Low-Level-Laserbestrahlungsvorrichtung 10 wird 

iiber einen (nicht gezeigten) Schalter aktiviert. 

Anstelle der im Ausf iihrungsbeispiel gezeigten Munddu- 
sche kann es sich bei der erf indungsgemafien Mundpflege- 

25 vorrichtung auch urn eine elektrische Zahnbiirste handeln. 
Die Low-Level-Laserbestrahlungsvorrichtung 10 und insbe- 
sondere ihre Linse 12 werden hierbei in analoger Weise 
angeordnet. Die Low-Level-Laserbestrahlungsvorrichtung 10 
kann aber auch ein separates bzw. eigenstandiges Teil 

30 beispielsweise in Form eines Laserstifts sein, der dem 
betreffenden Mundpf legesystem beigestellt wird. 

Obgleich dies nicht gezeigt ist, kann fur die Low- 
Level-Laserbestrahlungsvorrichtung 10 ein mechanischer 
35 oder bptoelektronischer Sensor vorgesehen werden, der er- 
faJit, ob sich das mundseitige Ende des Mundstiicks 2 bzw. 
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die Linse 12 im Mund befindet Oder nicht. Wenn dieser 
Sensor erkennt , dafi dies nicht der Fall ist , das Mund- 
stiick 2 sich also aufierhalb der Mundhohle befindet, wird 
von einer (nicht gezeigten) Steuervorrichtung die Low- 
5 Level-Laserbestrahlungsvorrichtung abgeschaltet , so dafi 
kein Laserstrahl erzeugt wird, der gegebenenf alls Schaden 
anrichten konnte. 

Die erf indungsgemafle Low-Level -Laserbestrahlungsvor- 
10 richtung verwendet vorzugsweise einen Diodenlaser. Jedoch 
ist es moglich, andere geeignete Lasererzeugungsvorrich- 
tungen zu verwenden. Die Wellenlange des erzeugten Laser- 
lichts liegt im Bereich zwischen 630 nm und 830 nm, also 
im Bereich des rotlichen Lichts . Wenn der Bereich der 
15 Wellenlange bis auf 450 nm ausgedehnt wird, wird auch 
griinliches Licht abgegeben. 

Gegebenenf alls ist es auch moglich, die Low-Level-La- 
serbestrahlungsvorrichtung 10 nicht nur kontinuierlich, 
20 sondern auch pulsierend oder in anderer Weise mit wech- 
selnder Ausgangsleistung zu betreiben, falls hierdurch 
die therapeutische Wirksamkeit gesteigert werden kann . 
Eine entsprechende Regelelektronik kann ohne weiteres im 
Handgriff 1 integriert werden. 

25 

In Fig. 2 ist eine Ausfiihrungsf orm des erf indungsgema- 
fien Gerats 200 zur Therapie und Prophylaxe von Rhinitis 
und Akne gezeigt. 

30 Wie aus der Fig. 2 hervorgeht, weist das erf indungsge- 

mafle Gerat 200 ein Gehause 211 auf, das beispielsweise 
aus Metall oder einem geeigneten Kunststof fmaterial be- 
steht. Das Gehause 211 ist nach Art eines Handgriff s etwa 
rund gefertigt, so dafi das Gerat 200 in einer Hand gehal- 

35 ten und bedient werden kann. 
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Im Inneren des Gehauses 211 ist eine wiederauf ladbare 
Batterie 250 zur Stromversorgung vorgesehen, die iiber ei- 
ne lediglich schematise!! gezeigte Ladevorrichtung 260 am 
Stromnetz geladen werden kann. Alternativ kann es sich 
5 bei der Batterie auch urn eine herkommliche, nicht-wieder- 
auf ladbare Batterie handeln; weiterhin ist es moglich, 
das Gerat iiber eine Leitung (und ggf . einen zusatzlichen 
Trafo) direkt am Stromnetz zu betreiben. 

10 Im Inneren des Gehauses 211 ist eine Low-Level-Laser- 

bestrahlungsvorrichtung vorgesehen, die aus einer Ansteu- 
erelektronik 214, die von der Batterie 250 gespeist wird, 
und einem Laserstrahl-Sendeelement in Form einer Laserdi- 
ode 216 besteht. Das von der Laserdiode 216 erzeugte La- 

15 serlicht wird in eine langliche, z.B. in die Nasenoffnung 
eines Patienten einfiihrbare Lichtleitervorrichtung 220 
eingespeist. Am Ende der Lichtleitervorrichtung 220 sitzt 
eine Streulinse 221 zur Facherung des von der Laserdiode 
216 abgegebenen Laserstrahls . • Die Ausgangsleistung der 

20 Laserdiode 216 liegt zwischen 1 mW und 5 mW und ent- 
spricht damit der Klasse IIIA. Die Laserdiode 16 erzeugt 
einen Laserstrahl mit einer moglichen Wellenlange im Be- 
reich von 180 nm bis 1000 nm. 

25 Zum Einschalten des Gerats ist ein Ein/Aus-Schalter 

230 vorgesehen , wahrend die Ausgangs leis tung des Laser- 
strahl-Sendeelements 216 mittels eines Drehreglers 231 
eingestellt werden kann. 

30 Wie aus der Fig. 2 ersichtlich ist, kann das Gerat 200 

mit einer Hand so ergrif fen werden, daJ3 das Ende der 
Lichtleitervorrichtung 220 auf einfachste Weise in die 
Nase eingef iihrt werden kann . Das Naseninnere kann somit 
wirksam mit dem Laserlicht beauf schlagt werden. Somit 

35 kann eine gleichmafiige und ausreichende therapeutische 
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Behandlung der erkrankten Nasenschleimhaute mit wenigen 
Handgriffen erreicht werden. 

Das vorstehend beschriebene Gerat 200 kann erf in- 
5 dungsgemeLB auch zur Behandlung von Akne verwendet werden, 
Ferner ist es moglich, dieses Gerat zur Stimulation von 
Testosteron im Hoden einzusetzen. Aufgrund der hierdurch 
hervorgerufenen Erhohung der Testosteron-Produktion wird 
eine Verbesserung der erektielen Potenz des betref fenden 
10 Patienten erreicht. 

Um dem Patienten eine moglichst einfache bzw. komfor- 
table Handhabung des erf indungsgemaflen Testosteron-Stimu- 
lationsgerats zu ermoglichen, ist es ferner moglich, die- 

15 ses als flexibles tragbares Netz Oder als Kissen auszu- 
bilden, in dem die Low-Level-Laserbestrahlungsvorrichtung 
angeordnet ist und den Hoden iiber mehrere gleichmafiig 
verteilte Laserstrahl-Sendeelemente beauf schlagt . Ein 
solches Kissen kann um den Hoden herum angelegt und dann 

20 z .B. im Sitzen beispielsweise beim Lesen oder Fernsehen 
getragen werden. 

Gemafi Fig.3A weist eine erste Ausfiihrungsf orm des er- 
f indungsgemafien Innenohrstorungs-Behandlungsgerats eine 

25 Low-Level-Laserbestrahlungsvorrichtung 310 auf , die in 
das Innere eines Brillenges tells 320 in der Nahe des Bii- 
gels 321 desselben eingebaut ist. Die Laserbestrahlungs- 
vorrichtung 310 wird iiber Kabel 310a aus einer (nicht ge- 
zeigten) Stromquelle in Form einer Batterie oder derglei- 

30 chen gespeist . Der von der Laserbestrahlungsvorrichtung 
310 abgegebene Lasers trahl wird iiber eine Lichtleitervor- 
richtung 311 einer Linse 312 zugefiihrt, aus der er aus- 
tritt und auf den darunter liegenden Bereich einwirkt. 
Die Lichtleitervorrichtung 311 verlauft austrittsseitig 

35 in einem etwa rohrformigen Ansatz 311a, der aus einem 
elastisch verformbaren Material besteht, so dafi die Posi- 
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tion der Linse 312 und damit der Wirkbereich des erf in- 
dungsgemaflen Innenohrstofungs-Behandlungsgerats geandert 
bzw. an den Patienten angepaiit werden kann. Da diese er- 
ste Ausfiihrungsform in eine Brille integriert ist, wird 
5 somit ein Kombinationsgerat geschaffen, das bei einem 
Brillentrager kaum weiter auffallt. 

In Fig.3B ist eine weitere Ausfiihrungsform des erfin- 
dungsgemafien Innenohrstorungs-Behandlungsgerats gezeigt , 

10 das sich von der ersten Ausfiihrungsform dadurch unter- 
scheidet, dafi es sich bei der Bef estigungsvorrichtung 320 
urn einen Biigel handelt, der beispielsweise ein speziell 
fur das Innenohrstorungs-Behandlungsgerat gefertigtes 
Teil darstellt. Der Biigel 320 kann aber auch Teil eines 

15 Horgerats, eines Tinnitusmaskers oder eines Kombinations- 
gerats aus einem Horgerat und einem Tinnitusmasker sein. 
Im iibrigen entspricht diese zweite Ausfiihrungsform des 
Innenohrstorungs-Behandlungsgerats der vorstehend be- 
schriebenen ersten Ausfiihrungsform, so dafi beziiglich sei- 

20 ner technischen Einzelheiten auf die vorstehende Be- 
schreibung verwiesen werden darf . 

GemaB einer weiteren, in den Figuren nicht naher ge- 
zeigten Ausfiihrungsform der Erfindung kann die Low-Level- 

25 Laserbestrahlungsvorrichtung 310 eine separate Einheit 
sein, die beispielsweise in einer Tasche oder am Giirtel 
des Patienten getragen wird. In diesem Fall ist die 
Lichtleitervorrichtung 311 eine flexible Leitung, die in 
einer Linse endet , welche mittels der Bef estigungsvor- 

30 richtung am Ohr befestigt werden kann. Diese Ausfiihrungs- 
form der Erfindung ist insbesondere dann von Vorteil, 
wenn die Laserbestrahlungsvorrichtung 310 und/oder deren 
Batterie vergleichsweise schwer ist. 

35 Fur die Low-Level-Laserbestrahlungsvorrichtung 310 

kann ein (in den Figuren nicht gezeigter) Ein/Aus-Schal- 
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ter vorgesehen werden, der es dem Patienten ermoglicht , 
die Behandlung zu beliebigen Zeiten vorzunehmen . Die La- 
serbestrahlungsvorrichtung 310 kann weiterhin eine manu- 
elle Einstellvorrichtung aufweisen, mittels der ihre Aus- 
5 gangs leistung und/oder die Wellenlange des Lasers trahls 
auf einen geeigneten Wert eingestellt werden kann. Die 
Laserbestrahlungsvorrichtung 10 arbeitet entweder im kon- 
tinuierlichen oder im pulsierenden Betrieb, wobei gegebe- 
nenf alls eine Steuervorrichtung vorgesehen sein kann, 

10 mittels der die gewiinschte Betriebsart und/oder die Im- 
pulsf requenz eingestellt werden kann. Die Ausgangs lei- 
stung der Laserbestrahlungsvorrichtung 310 betragt vor- 
zugsweise zwischen 1 und 120 mW. Die Wellenlange des La- 
serstrahls liegt im Bereich von 180 nm bis 1000 nm. Somit 

15 ist es moglich, handelsiibliche Laserdioden als Strah- 
lungsquelle zu verwenden. 

Untersuchungen haben gezeigt, dafi mit dem erfindungs- 
gemafien Gerat insbesondere dann gute Keilungserf olge er- 

20 zielbar sind, wenn der Laserstrahl auf das Mastoid oder 
iiber den Gehorgang auf das Mittelohr einwirkt. Diese Be- 
reiche des Ohres konnen durch geeignete Einstellung der 
Lichtleitervorrichtung 311 bestrahlt werden. Urn eine noch 
bessere Heilungswirkung zu erzielen, kann das erfindungs- 

25 gemafie Gerat gegebenenf alls dahingehend modifiziert wer- 
den , dafi zwei Lichtleitervorrichtungen mit einer jeweili- 
gen Linse vorgesehen werden, wobei die eine Linse auf das 
Mastoid und die andere Linse auf das Mittelohr einwirkt. 
Die Anzahl der Lichtleitervorrichtungen und Linsen kann 

30 selbstverstandlich weiter erhoht werden, falls je nach 
der Art der Erkrankung des Innenohrs noch andere Bereiche 
des Ohres therapeutisch beaufschlagt werden sollen. 

Gemafi Fig.4A besteht eine erste Ausfxihrungsf orm des 
35 erf indungsgemafien Gerats zur Stimulierung des Zentralner- 
vensys terns im wesentlichen aus einem Helm 41, der bei- 
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spielsweise wie ein Fahrradhelm aus geschaumtem Material 
oder aus einem anderen geeigneten Kunststof fmaterial be- 
steht. Der Helm 41 weist eine Vielzahl geeigneter Bohrun- 
gen auf, in denen jeweils eine Low-Level-Laserbestrah- 
5 lungsvorrichtung 410 eingesetzt ist. Bei dieser Low- 
Level-Laserbestrahlungsvorrichtung 410 kann es sich ent- 
weder um eine Laserdiode 411a handeln, die eine eigene 
Stromversorgung wie beispielsweise eine Batterie besitzt, 
oder aber um eine Laserdiode lib, die iiber eine Stromver- 
10 sorgungsleitung 4 lid mit einer zentralen (nicht gezeig- 
ten) Stromversorgungseinrichtung verbunden ist. 

Im Inneren des Helms 41 sind mehrere (nicht gezeigte) 
Abstandshalter vorgesehen, die dafiir Sorge tragen, dafi 

15 die nach innen gerichteten Austrittsof f nungen der Laser- 
dioden 411a bzw. 411b einen vorbestimmten Abstand zur 
Kopfhaut des Patienten aufweisen. Hierdurch wird er- 
reicht, dafi der der jeweiligen Laserdiode 411a bzw. 411b 
zugeordnete Bereich der Kopfhaut des Patienten gleichma- 

20 J3ig und mit definierter Energie bestrahlt wird. 

In Fig.4B ist eine weitere Ausf iihrungsf orm des Helms 
gezeigt, die sich von der Ausf iihrungsf orm der Fig.4B da- 
durch unterscheidet , daii als Laserstrahl-Sendeelemente 

2 5 Licht leitervorrichtungen 411c vorgesehen s ind , die bei- 
spielsweise von einer einzigen (nicht gezeigten) Licht- 
quelle gespeist werden. Alternativ hierzu kann fur jedes 
oder zumindest fur einen Teil der Lichtleitervorrichtun- 
gen 411c eine eigene Laserlichtquelle vorgesehen werden, 

30 so dafi die Moglichkeit besteht, einige oder alle Licht- 
leitervorrichtungen 411c mit anderer Frequenz und/oder 
Leistung zu betreiben. Die Laserlichtquellen konnen ent- 
weder Teil des Helms 41 sein oder in einem externen Gerat 
angeordnet werden. 



35 
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Die in Fig . 4B gezeigte Variante des Helms hat sorait 
den Vorteil, dafi die Wellenlange und/oder Energie der La- 
serstrahlen zentral gesteuert werden kann, wodurch die 
Ansteuerelektronik gegebenenf alls vereinf acht werden 
5 kann. Am im Inneren des Helms 41 liegenden Ende jeder 
Lichtleitervorrichtung 411c sitzt vorzugsweise eine 
(nicht gezeigte) Linse, die eine noch giinstigere bzw. 
gleichmafligere Verteilung des abgegebenen Laserlichts er- 
moglicht . 

10 

Wie aus der Fig. 5 hervorgeht, besteht das erfindungs- 
gemaJie Gerat im wesentlichen aus einem Gehause 11, das 
erf indungsgemafle Gerat zur Therapie und Prophylaxe von 
Dekubitus beispielsweise aus Metall oder einem geeigneten 
15 Kunststoff material besteht. Das Gehause 511 weist eine 
Vielzahl geeigneter Bohrungen auf, in denen jeweils eine 
Rohr 515 eingesetzt ist, das zusammen mit einem Gelenk 

516 einen schwenkbaren Halter bildet. An diesem schwenk- 
baren Halter ist jeweils ein Laserstrahl-Sendeelement 517 

20 befestigt, das beispielsweise aus einer Laserdiode be- 
steht. Samtliche Laserstrahl-Sendeelemente bzw. Dioden 

517 bilden die Low-Level-Laserbestrahlungsvorrichtung 
510. Die Laserstrahl-Sendeelemente 517 weisen ferner eine 
lediglich schematisch angedeutete Streulinse zur Fache- 

25 rung des von ihnen abgegebenen Laserstrahls auf. 

Das Gehause 511 ist mittels nicht naher gezeigter 
Einrichtungen an der Decke oder an einem geeigneten Stan- 
der befestigt; das Gehause 511 beherbergt ferner samtli- 

30 che elektrischen und elektronischen Komponenten zur An- 
steuerung der Laserstrahl-Sendeelemente 517 . Zum Ein- 
schalten des Gerats ist ein (nicht gezeigter) Ein/Aus- 
Schalter vorgesehen, wahrend die Ausgangsleistung der La- 
serstrahl-Sendeelemente 517 mittels eines Drehreglers 

35 eingestellt werden kann. 



WO 96/36396 



-29- 



PCT/DE96/00789 



Wie aus der Fig . 5 ersichtlich ist , werden die Laser- 
strahl-Sendeelemente 517 mittels der schwenkbaren Halter 
515, 516 auf einen (nicht gezeigten) Patienten gerichtet, 
der sich auf einer Liege bzw. einem Bett 51 befindet. 
5 Durch die Vielzahl der Laserstrahl-Sendeelemente 517 so- 
wie aufgrund der mit den Streulinsen erzeugten Facherung 
der Laserstrahlen kann eine gleichmafiige und ausreichende 
therapeutische Behandlung der erkrankten bzw. wundgelege- 
nen Haut des Patienten mit wenigen Handgriffen erreicht 
10 werden. 

Ans telle separater Laserstrahl-Sendeelemente in Form 
von Laserdioden 517 konnen auch ( nicht gezeigte ) Licht- 
leitervorrichtungen vorgesehen werden, die beispielsweise 

15 von einer einzigen (nicht gezeigten) Lichtquelle gespeist 
werden. Die Verwendung von Lichtleitern hat dariiber hin- 
aus den Vorteil, dafl die Wellenlange und/oder Energie der 
Laserstrahlen zentral gesteuert werden kann, wodurch die 
Ansteuerelektronik gegebenenf alls vereinf acht werden 

20 kann. Die Laserstrahl-Sendeelemente 517 erzeugen einen 
Lasers trahl mit einer Wellenlange im Bereich von 180 nm 
bis 1000 nm, wobei die Ausgangsleistung vorzugsweise zwi- 
schen 1 mW und 120 mW liegt. 

25 Das Gehause 511 beinhaltet ferner eine (nicht gezeig- 

te) manuell bedienbare Zeitschaltuhr , die nach Ablauf ei- 
ner vorwahlbaren Zeitspanne die Laserstrahl-Sendeelemente 
517 deaktiviert. Der Therapeut kann somit nach geeigne- 
ter Einstellung bzw. Justierung des Gerats den Patienten 

30 bis zum Ablauf der vorgewahlten Zeitspanne alleine las- 
sen. Als giinstig haben sich in der Praxis Behandlungs- 
zeitraume von bis zu 30 Minuten erwiesen. 

Die Laserstrahl-Sendeelemente 517 bzw. ihre Gelenke 
35 516 konnen einen (nicht gezeigten) motorischen Antrieb 
aufweisen, der den Abstrahlwinkel der Lasers trahl-Sende- 
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elemente 517 andert, so dafl der abgegebene Lasers trahl 
einen entsprechenden Bereich der Hautoberf lache gleichsam 
abtastet . Hierdurch ist es moglich, diesen Bereich der 
Haut des Patienten in zyklischer Folge mit den Laserstra- 
5 hlen zu beauf schlagen. Somit kann die therapeutische Wir- 
kung ggf . vergleichmafiigt werden. Ferner ist es hierdurch 
moglich, Laserstrahl-Sendeelemente 517 mit grofierer Lei- 
stung einzusetzen, da die jeweiligen Hautbereiche auf- 
grund der motorischen Verstellung nur kurzzeitig beauf- 
10 schlagt werden. 

Gemafi Fig . 6A bes teht eine Aus f iihrungs f orm eines 
Gerats zur Biostimulation von Pflanzen im wesentlichen 
aus einem Stander 612, der beispielsweise aus einem Rohr 

15 aus Metall oder einem geeigneten Kunststof fmaterial be- 
steht. Der Stander 612 weist eine Vielzahl geeigneter 
Bohrungen auf, in denen jeweils eine waagrecht verlau- 
fende Stange 615 eingesetzt ist, die zusammen mit einem 
Gelenk 616 einen schwenkbaren Halter bildet. An diesem 

20 schwenkbaren Halter ist jeweils ein Laserstrahl-Sendeele- 
ment 617 befestigt, das beispielsweise aus einer Laserdi- 
ode besteht. Samtliche Laserstrahl-Sendeelemente bzw. Di- 
oden 617 bilden die erf indungsgemaJie Low-Level-Laserbe- 
strahlungsvorrichtung 10 . Die Laserstrahl-Sendeelemente 

25 617 weisen ferner eine lediglich schematisch angedeutete 
Streulinse zur Facherung des von ihnen abgegebenen Laser- 
strahls auf. 

Der Stander 612 ist in einem Gehaiise 611 befestigt, 
30 das gleichzeitig als Standfuii dient und samtliche elek- 
trischen und elektronischen Komponenten zur Ansteuerung 
der Laserstrahl-Sendeelemente 6 17 beherbergt . Zum Ein- 
schalten des Gerats ist ein Ein/Aus-Schalter 613 vorgese- 
hen, wahrend die Ausgangsleistung der Laserstrahl-Sende- 
35 elemente 617 mittels eines Drehreglers 614 eingestellt 
werden kann. 



WO 96/36396 



-31 - 



PCT/DE96/00789 



Wie aus der Fig.6A ersichtlich ist, werden die Laser- 
strahl-Sendeelemente 617 mittels der schwenkbaren Halter 
615/ 616 auf eine Pflanze 62 gerichtet, die sich in einem 
5 Topf 61 befindet. Durch die Vielzahl der Laserstrahl-Sen- 
deelemente 617 sowie aufgrund der mit den Streulinsen er- 
zeugten Facherung der Laserstrahlen kann eine gleichma- 
fiige und ausreichende Biostimulierung der Pflanze 2 mit 
wenigen Handgriffen erreicht werden. 

10 

In Fig.6B ist eine weitere Aus fiihrungs form des erf in- 
dungs gemafien Gerat s gezeigt, das sich von der Ausfiih- 
rungsform der Fig.6A dadurch unterscheidet , dafi die La- 
serstrahl-Sendeelemente 617 samt ihren schwankbaren Hal- 
15 tern 615, 616 an einem Gehause 611' befestigt sind, das 
zur Deckenmontage vorgesehen ist . Im iibrigen arbeitet 
dieses Gerat in gleicher Weise wie das Gerat der Fig.6A. 

Ans telle separater Laserstrahl-Sendeelemente in Form 
20 von Laserdioden 617 konnen auch (nicht gezeigte) Licht- 
leitervorrichtungen vorgesehen werden, die beispielsweise 
von einer einzigen (nicht gezeigten) Lichtquelle gespeist 
werden. Diese Aus fiihrungs form bietet sich ggf. fur gro- 
Jiere Raume wie Gewachshauser und dergleichen an. Die Ver- 
25 wendung von Lichtleitern hat dariiber hinaus den Vorteil, 
dafi die Wellenlange und/oder Energie der Laserstrahlen 
zentral gesteuert werden kann, wodurch die Ansteuerelek- 
tronik gegebenenf alls vereinfacht werden kann. 

30 Die Laserstrahl-Sendeelemente 617 erzeugen einen La- 

serstrahl mit einer Wellenlange im Bereich von 180 nm bis 
1000 nm, wobei die Ausgangsleistung vorzugsweise zwischen 
1 mW und 500 mW liegt. 

35 Das Gehause 611 bzw . 6 11 ' beinhaltet f erner eine 

(nicht gezeigte) manuell bedienbare oder automatisch ar- 
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beitende Steuereinrichtung, die in Abhangigkeit von der 
Wachstumsphase der Pflanze 61 eines oder mehrere der La- 
sers trahl-Sendeelemente 617 mit jeweils geeigneter Wei- 
lenlange aktiviert und/oder deren Ausgangsleistung an- 
5 dert . Somit ist eine optimale Anpassung an das Wachstum 
der Pflanze 6 1 moglich . Die Einstellung der Wellenlange 
bzw. der Ausgangsleistung kann ggf. auch iiber eine Zeit- 
steuerung erfolgen, wenn das Wachstumsverhalten der 
Pflanze 61 bekannt ist. 
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Anspruche 

1. Mundpflegegerat, mit einem Handgriff (1) und einem in 
den Mund einfiihrbaren Mundstiick (2), an dem eine Mundpfle- 

5 gevorrichtung (3) sitzt, 

gekennzeichnet durch 
eine Low-Level-Laserbestrahlungsvorrichtung (10), deren 
Laserstrahl uber das Mundstiick (2) in den Mund projizier- 
bar ist. 

10 

2. Mundpflegegerat nach Anspruch 1, dadurch gekennzeich- 
net, daJ3 die Low-Level-Laserbestrahlungsvorrichtung (10) 
im Handgriff (1) untergebracht ist, wobei der von ihr er- 
zeugte Laserstrahl iiber eine Lichtleitervorrichtung (11) 

15 durch das Mundstiick (2) verlauft und an dessen mundseiti- 
gem Ende vorzugsweise iiber eine Linse (12) austritt. 

3. Mundpflegegerat nach Anspruch 2 , dadurch gekennzeich- 
net, da/3 der Austritt der Lichtleitervorrichtung (11) bzw. 

20 die Linse (12) am mundseitigen Ende des Munds tucks (2) so 
angeordnet ist, dafi der Laserstrahl beim Gebrauch des Ge- 
rats im wesentlichen auf das Zahnfleisch gerichtet ist. 

4. Mundpflegegerat nach einem der Anspruche 1 bis 3, da- 
25 durch gekennzeichnet, dafl ein Sensor vorgesehen ist, der 

erfafit, ob sich das mundseitige Ende des Mundstucks (2) 
bzw. die Linse (12) im Mund befindet oder nicht, und der 
die Low-Level-Laserbestrahlungsvorrichtung (10) abschal- 
tet, wenn dies nicht der Fall ist. 

30 

5. Mundpflegegerat nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, dafi die Mundpf legevorrichtung (3) 
elektrisch betrieben ist. 

35 6. Mundpflegegerat nach Anspruch 5 , dadurch gekennzeich- 
net, daft die Low-Level-Laserbestrahlungsvorrichtung (10) 
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mit einem fiir die elektrisch betriebene Mundpf legevor- 
richtung (3) vorgesehenen Schalter ein- und ausschaltbar 
ist. 

5 7. Mundpf legegerat nach Anspruch 5 oder 6 , dadurch ge- 
kennzeichnet, daB die elektrisch betriebene Mundpf lege- 
vorrichtung (3) eine Munddusche ist. 

8. Mundpf legegerat nach Anspruch 5 oder 6, dadurch ge- 
10 kennzeichnet , daB die elektrisch betriebene Mundpflege- 

vorrichtung (3) eine Zahnbiirste ist. 

9. Mundpf legegerat nach einem der Anspriiche 5 bis 8, da- 
durch gekennzeichnet, dafi die Mundpf legevorrichtung (3) 

15 von einer im Handgriff (1) vorgesehenen, vorzugsweise auf- 
ladbaren Batterie gespeist wird. 

10. Gerat (200) zur Therapie von Rhinitis und Akne, 

gekennzeichnet durch 

20 eine in einem Einhandgehause (211) befindliche Low-Level- 
Laserbestrahlungsvorrichtung (214, 216), die mindestens ei- 
nen Lasers trahl erzeugt, der iiber eine im wesentlichen 
langliche, in die Nasenoffnung eines Patienten einfuhr- 
bare Lichtleitervorrichtung (220) auf das Naseninnere ein- 

25 wirkt bzw. auf die von Akne befallenen Bereiche der Haut 
eines Patienten projizierbar ist. 

11. Gerat nach Anspruch 10, dadurch gekennzeichnet, dafl 
die Lichtleitervorrichtung (220) zumindest bereichsweise 

30 flexibel ausgebildet ist. 

12. Gerat nach Anspruch 10 oder 11, dadurch gekennzeich- 
net, dafi am austrittseitigen Ende der Lichtleitervorrich- 
tung (220) eine Streulinse (221) zur Facherung des Laser- 

35 strahls sitzt. 
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13. Gerat nach einem der Anspriiche 10 bis 12, dadurch ge- 
kennzeichnet , dafi zur Stromversorgung der Low-Level-La- 
serbestrahlungsvorrichtung (214,216) eine im Einhandgehause 
(21 1) bef indliche , vorzugsweise auf ladbare Batterie (250) 

5 vorgesehen ist. 

14. Gerat (200) zur Stimulation von Testosteron im Hoden, 

gekennzeichnet durch 
eine Low-Level-Laserbestrahlungsvorrichtung (214, 216), die 
10 mindestens einen Lasers trahl erzeugt, der auf den Hoden 
einwirkt . 

15. Gerat nach Anspruch 14, dadurch gekennzeichnet, dafi 
die Low-Level-Laserbestrahlungsvorrichtung (214, 216) in ei- 

15 nem Einhandgehause (211) angeordnet ist und den Laser- 
strahl iiber eine zumindest bereichsweise flexibel ausge- 
bildete Lichtleitervorrichtung (220) abgibt. 

16. Gerat nach Anspruch 15, dadurch gekennzeichnet, dafi 

20 am austrittseitigen Ende der Lichtleitervorrichtung (220) 

eine Streulinse (221) zur Facherung des Laserstrahls 
sitzt . 

17. Gerat nach Anspruch 14, dadurch gekennzeichnet, dafi 
25 die Low-Level-Laserbestrahlungsvorrichtung (214,216) in ei- 
nem flexiblen tragbaren Netz angeordnet ist und den Hoden 
iiber mehrere gleichmafiig verteilte Laserstrahl-Sendeele- 
mente beauf schlagt . 

30 18. Gerat nach einem der Anspriiche 14 bis 17, dadurch ge- 
kennzeichnet, dafi zur Stromversorgung der Low-Level-La- 
serbestrahlungsvorrichtung (214, 216) eine im Einhandgehause 
(211) befindliche bzw. am Netz angeschlossene, vorzugs- 
weise auf ladbare Batterie (250) vorgesehen ist. 

35 
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19- Innenohrstorungs-Behandlungsgerat zur Therapie einer 
chronischen komplexen Innenohrstorung eines Patienten, 
insbesondere zur Behandlung von Tinnitus und Vertigo, 
gekennzeichnet durch 
5 eine Low-Level-Laserbestrahlungsvorrichtung (310), die 
mittels einer Bef estigungsvorrichtung (320) losbar derart 
am Ohr eines Patienten befestigbar ist , dafl der Laser- 
strahl auf mindestens einen vorbestimmten Bereich des Oh- 
res einwirkt. 

10 

20. Innenohrstorungs-Behandlungsgerat nach Anspruch 19 , 
dadurch gekennzeichnet, daJ3 die Low-Level-Laserbestrah- 
lungsvorrichtung (310) auf das Mastoid und/oder iiber den 
Gehorgang auf das Mittelohr einwirkt . 

15 

21. Innenohrstorungs-Behandlungsgerat nach Anspruch 19 
Oder 20, dadurch gekennzeichnet, daJ3 die Low-Level-Laser- 
bestrahlungsvorrichtung (310) in der Bef estigungsvorrich- 
tung (320) untergebracht ist und auf den/die vorbestimmten 

20 Bereich (e) des Ohres iiber eine jeweilige Lichtleitervor- 
richtung (311) und eine an deren Ende sitzende Linse (312) 
einwirkt . 

22. Innenohrstorungs-Behandlungsgerat nach einem der An- 
25 spriiche 19 bis 21, dadurch gekennzeichnet, daft die Low- 

Level-Laserbestrahlungsvorrichtung (310) eine separate 
Einheit ist, deren Laserstrahl iiber eine flexible Licht- 
leitervorrichtung (311) einer an ihrem Ende sitzenden 
Linse (312) zugefiihrt wird, wobei die Linse (312) und/oder 
30 das Ende der Lichtleitervorrichtung (311) mittels der Be- 
f estigungsvorrichtung (320) am Ohr befestigbar ist. 

23. Innenohrstorungs-Behandlungsgerat nach einem der An- 
spriiche 19 bis 21, dadurch gekennzeichnet, dafi die Befe- 

35 stigungsvorrichtung (320) ein Brillengestell, ein Horge- 



WO 96/36396 



-37- 



PCT/DE96/00789 



rat, ein Tinnitusmasker oder ein Kombinationsgerat aus 
einem Tinnitusmasker und einem Horgerat ist. 

24. Innenohrs torungs -Behandlungs gerat nach einem der An- 
5 spriiche 19 bis 23, dadurch gekennzeichnet, dafi die Befe- 
stigungsvorrichtung (320) ein am Ohr bef estigbarer Bugel , 
ein in das Ohr einfiihrbares Teil oder ein auf den Kopf 
auf stulpbarer Biigel ist. 

10 25. Gerat zur Stimulierung des Zentralnervensystems eines 

Patienten, 

gekennzeichnet durch 

eine Low-Level-Laserbestrahlungsvorrichtung (410), die 

mindestens einen Laserstrahl erzeugt , der auf mindestens 
15 einen vorbestimmten Bereich der Haut des Patienten, vor- 

zugsweise in unmittelbarer Nahe des zu stimulierenden 

Zentralnervensystems , einwirkt . 

26. Gerat nach Anspruch 25, dadurch gekennzeichnet , da/3 
20 die Low-Level-Laserbestrahlungsvorrichtung (410) auf den 

Kopf des Patienten einwirkt. 

27. Gerat nach Anspruch 26, gekennzeichnet durch einen 
helm- oder haubenartigen Aufsatz (41) fiir den Kopf des Pa- 

25 tienten, wobei der Aufsatz eine Vielzahl von Laserstrahl- 
Sendeelementen (411a; 411b; 411c) tragt, deren Laserstrahlen 
ins Innere des Aufsatzes (41) gerichtet sind. 

28. Gerat nach Anspruch 27, dadurch gekennzeichnet, daJi 
30 der Aufsatz (41) an einem schwenkbaren Halter befestigt 

ist . 



35 



29. Gerat nach Anspruch 27 , dadurch gekennzeichnet, dafi 
im Inneren des Aufsatzes (41) Abstandshalter vorgesehen 
sind, die die Innenwand des Aufsatzes (41) und damit die 
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Lasers trahl-Sendeelemente (411a; 411b; 411c) in einem vorbe- 
stimmten Abstand zur Kopfhaut des Patienten halten. 

30. Gerat nach Anspruch 29, dadurch gekennzeichnet , dafi 
5 die Laserstrahl-Sendeelemente (411a; 411b; 411c) jeweils von 

einer eigenen Batterie oder aus einer zentralen Stromver- 
sorgungseinrichtung gespeist sind. 

31. Gerat nach einem der Anspriiche 27 bis 30, dadurch ge- 
10 kennzeichnet , dafi jedes Lasers trahl-Sendeelement aus ei- 
ner Lichtleitervorrichtung (411c) und ggf • einer an deren 
Ende sitzenden Linse gebildet ist. 

32. Gerat nach einem der Anspriiche 25 bis 31, dadurch ge- 
15 kennzeichnet, daB die Low-Level-Laserbestrahlungsvorrich- 

tung (410) Teil eines Ganzkorperbehandlungsgerats nach Art 
einer Sonnenbank ist bzw. in eine solche integriert ist, 

33. Gerat zur Therapie und Prophylaxe von Dekubitus, 
20 gekennzeichnet durch 

eine Low-Level-Laserbestrahlungsvorrichtung (510), die 
mindestens einen Lasers trahl erzeugt, der auf bestimmte 
Bereiche der Haut eines Patienten einwirkt. 

25 34. Gerat nach Anspruch 33, dadurch gekennzeichnet, daB 
die Low-Level-Laserbestrahlungsvorrichtung (510) eine 
Vielzahl von Laserstrahl-Sendeelementen (517) aufweist. 

35. Gerat nach Anspruch 34, dadurch gekennzeichnet, daB 
30 mindestens einige der Lasers trahl-Sendeelemente (517) La- 

serstrahlen mit jeweils unterschiedlicher Wellenlange er- 
zeugen . 

36. Gerat nach Anspruch 34 oder 35, dadurch gekennzeich- 
35 net, daJi die Lasers trahl-Sendeelemente (517) jeweils an 

einem schwenkbaren Halter (515,516) befestigt sind. 
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37. Gerat nach Anspruch 34 oder 35, dadurch gekennzeich- 
net, dafi das Licht jedes Laserstrahl-Sendeelements (517) 
iiber eine Lichtleitervorrichtung auf den Patienten ein- 

5 wirkt . 

38. Gerat nach einem der Anspruche 35 bis 37, dadurch ge- 
kennzeichnet , dafl eine Zeitschaltuhr vorgesehen ist, die 
nach Ablauf einer vorwahlbaren Zeitspanne die Laser- 

10 strahl-Sendeelemente (517) deaktiviert. 

39. Gerat nach einem der Anspruche 35 bis 38, dadurch ge- 
kennzeichnet , dafi die Lasers trahl-Sendeelemente (517) eine 
Streulinse zur Facherung des Laserstrahls aufweisen. 

15 

40. Gerat nach einem der Anspruche 35 bis 39, dadurch ge- 
kennzeichnet , dafi der Abstrahlwinkel der Laserstrahl-Sen- 
deelemente (517) motorisch veranderbar ist. 

20 41. Gerat nach Anspruch 40, dadurch gekennzeichnet , daJ3 
der Abstrahlwinkel der Laserstrahl-Sendeelemente (517) mo- 
torisch in der Weise zyklisch veranderbar ist, dafi ein 
bestimmter Bereich der Haut des Patienten in zyklischer 
Folge mit den Laserstrahlen beaufschlagt wird. 

25 

42. Gerat zur Biostimulation von Pflanzen, 

gekennzeichnet durch 
eine Low-Level-Laserbestrahlungsvorrichtung (610), die 
mindestens einen Lasers trahl erzeugt, der auf bestimmte 
30 Bereiche der Oberflache der Pflanzen (62) einwirkt. 

43. Gerat nach Anspruch 42, dadurch gekennzeichnet, daJ3 
die Low-Level-Laserbestrahlungsvorrichtung (610) eine 
Vielzahl von Laserstrahl-Sendeelementen (617) aufweist. 

35 
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44. Gerat nach Anspruch 43, dadurch gekennzeichnet , dai3 
mindestens einige der Laserstrahl-Sendeelemente (617) La- 
serstrahlen mit jeweils unterschiedlicher Wellenlange er- 
zeugen. 

5 

45. Gerat nach Anspruch 43 oder 44 , dadurch gekennzeich- 
net, dafi die Laserstrahl-Sendeelemente (617) jeweils an 
einem schwenkbaren Halter (615,616) befestigt sind. 

10 46. Gerat nach Anspruch 43 oder 44, dadurch gekennzeich- 
net, dafi das Licht jedes Laserstrahl-Sendeelements (617) 
iiber eine Lichtleitervorrichtung auf die Pflanzen (62) 
einwirkt . 

15 47. Gerat nach einem der Anspriiche 44 bis 46, dadurch ge- 
kennzeichnet, daR eine manuell bedienbare oder automa- 
tisch arbeitende Steuereinrichtung vorgesehen ist, die in 
Abhangigkeit von der Wachstumsphase der Pflanzen (62) ei- 
nes oder mehrere Lasers trahl-Sendeelemente (617) mit je- 

20 weils geeigneter Wellenlange aktiviert und/oder deren 
Ausgangsleistung andert. 

48. Gerat nach einem der Anspriiche 44 bis 47, dadurch ge- 
kennzeichnet, dafl die Laserstrahl-Sendeelemente (617) eine 

25 Streulinse zur Facherung des Laserstrahls aufweisen. 

49. Gerat nach einem der Anspriiche 1 bis 48, dadurch ge- 
kennzeichnet, dafi die Low-Level-Laserbestrahlungsvorrich- 
tung einen Laserstrahl mit einer Wellenlange im Bereich 

30 von 180 ran bis 1000 nm, vorzugsweise im Bereich von 300 
nm bis 700 nm erzeugt. 

50. Gerat nach einem der Anspriiche 1 bis 49, dadurch ge- 
kennzeichnet, dai3 die Low-Level-Laserbestrahlungsvorrich- 

35 tung einen Laserstrahl mit einer Ausgangsleistung zwi- 



WO 96/36396 



-41 - 



PCT/DE96/00789 



schen 1 mW und 500 mW, vorzugsweise zwischen 1 raw und 5 
mW (Klasse IIIA) abgibt. 

51. Gerat nach einem der Anspriiche 1 bis 50 , dadurch ge- 
5 kennzeichnet, daJ3 die Ausgangsleistung der Low-Level -La - 
serbestrahlungsvorrichtung und/oder da!3 die Wellenlange 
des Lasers trahls mittels einer Hand-Einstellvorrichtung 
auf einen wahlbaren Wert einstellbar ist. 

10 52. Gerat nach einem der Anspriiche 1 bis 51 , dadurch ge- 
kennzeichnet, dafi die Low-Level-Laserbestrahlungsvorrich- 
tung den Laserstrahl im kontinuierlichen oder pulsieren- 
den Betrieb abgibt. 

15 53. Gerat nach einem der Anspriiche 1 bis 52, dadurch ge- 
kennzGichnet, da/3 die Low-Level-Laserbestrahlungsvorrich- 
tung mindestens ein Laserstrahl-Sendeelement in Form ei- 
ner Laserdiode aufweist. 
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This invention is a skin treatment process for the removal of superficial 
epidermal skin cells (12); the reduction or removal of unwanted hair (28); and 
the mitigation of skin conditions such as acne and seborrhea. A contaminant (4) 
having a high absorption at a wavelength of light is topically applied to a skin 
section. A preferred contaminant is a mixture of 20 % of one micron graphite 
particles in mineral oil. Portions of the contaminant are forced into spaces between 
the superficial epidermal skin cells, into hair ducts in the skin, and/or into adjacent 
sebaceous glands. The skin section is illuminated with laser pulses at the matching 
wavelength, so as to impart sufficient energy to the contaminant to cause explosion 
of the particles in the contaminant. The energy released by the explosions blows 
off layers of dead skin cells, and/or destroys tissue responsible for hair growth, 
and/or sebum production. 
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SKIN TREATMENT PROCESS USING LASER 
This invention is a continuation in part of Serial No. 08/280928 filed 
7/26/94, Serial No. 08/257,021 scheduled to issue as Patent No. 5,423,803 on 
6/13/95, and Serial No. 08/005,810 filed 1/19/93, scheduled to issue Patent 
5 No. 5,425,728 on 6/20/95 which was a continuation in part of Serial No. 
07/783.789 filed 10/29/91, now Patent No. 5,226,907 issued July 13, 1993. 
This invention relates to processes for skin treatment and in particular to such 
processes which will utilize lasers. 

BACKGROUND OF THE INVENTION 

10 The Skin 

A section of human skin showing a cross section of one hair is 
shown in FIG. 1. FIG. 1 shows the hair shaft 33 of a hair growing in a hair 
duct 31, from dermal papilla 32, a nerve ending 34, a sweat gland 35 a 
sebaceous gland 38, arteries 36 and veins 37. 

15 Three major concerns relating to human skin are (1) accumulation 

of excess layers of dead skin cells on middle age and elderly people which 
cause them to appear older, (2) skin conditions such as acne and seborrhea 
and (3) unwanted hair. 

Dead Layers of Skin 

20 The epidermis, 39 in FIG. 1, of the human skin comprises several 

distinct layers of skin tissue. These layers of tissue are depicted in block 
diagram form in FIG. 2. The deepest layer is the stratum basale layer which 
consists of columnar cells. The next layer up is the stratum spinosum 
composed of polyhedral cells. Cells pushed up from the stratum spinosum are 

25 flattened and synthesize keratohyalin granules to form the stratum granulosum 
layer. As these cells move outward they lose their nuclei and the keratohyalin 
granules fuse and mingle with tonofibrils. This forms a clear layer called the 
stratum lucidum. The cells of the stratum lucidum are closely packed. As the 
cells move up from the stratum lucidum they become compressed into many 
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layers of opaque squamas. These flattened cells have become completely filled 
with keratin and have lost all other internal structure, including nuclei. These 
squamas constitute the outer layer of the epidermis, the stratum corneum At 
the bottom of the stratum corneum the cells are closely compacted and adhere 
5 to one another strongly, but higher in the stratum they become loosely packed 
and eventually flake away at the surface. For example, in the cheek skin of a 
50 year old face the outer layer of the stratum corneum typically consists of 
about 15 layers, and the layers flake away at the rate of about one or two 
layers per month. So we naturally get a completely new stratum corneum on 

10 our faces about twice per year. 

It is well known that the removal of a few surface layers of a 
person's skin will generally result in younger looking skin. Many techniques 
have been tried to produce this effect A mild sunburn will cause slight 
blistering of the skin after which an outside layer of the skin peels off. This 

15 generally leaves a younger looking skin surface. Similar results can be 

obtained by abrasion processes such as actually scraping away the surface layer 
with an abrasive material such as fine sand paper. 

Recent attempts have been made to utilize laser beams to "cook" the 
surface layer of skin. This cooking causes the skin to blister after which the 

20 surface layers can be scraped away. Also, people have been experimenting 
with lasers which vaporize the outside surface. These prior art processes 
present some beneficial results but also provide potential risk to the patient 
The slight sunburn presents a risk of underlying long term damage to the skin. 
Abrasion processes often result in bleeding and pain and sometimes infection, 

25 scabbing, and slight scarring. Laser treatments can result in pain and 
undesired burning, and if not applied properly can result in bleeding and 
scarring. 

Acne and Seborrhea 
Skin conditions such as acne and seborrhea are believed to be 
30 caused or exacerbated by excessive sebum flow produced by sebaceous glands 
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most of which are adjacent to and discharge sebum into, hair follicles. Sebum 
is composed of keratin, fat, and cellular debris. Sebum forms a moist, oily, 
acidic film that is mildly antibacterial and antifungal and may to some extent 
protect the skin against drying. The function of the sebum excretion in man is 
5 controversial and it may very well serve no useful function whatsoever. It is 
known that the bacteria which cause acne is propionibacterium acne or CP- 
acnes). This bacteria grows in sebum. Significant sebum flow in humans 
begins at puberty. This is when acne problems arise. Males castrated before 
puberty do not develop acne or seborrhea. 
10 Seborrhea is any of several common skin conditions in which there 

is an overproduction of sebum resulting in excessive oiliness or dry scales. 
Seborrhea includes seborrheic dermatitis (cradle cap, dandruff), seborrhea 
congestivea, seborrheic blepharitis, and seborrheic keratosis 

Unwanted Hair 

15 Removal of unwanted hair is a large business in the United States. 

Techniques include short term removal techniques such as shaving and 
plucking and long term (sometimes permanent) removal techniques such as 
electrolysis. Attempts have been made to use laser beams for hair removal. 
Prior art methods for permanent or long term hair removal are generally 
20 painful and very time consuming. 

Graphite Particles 
It is known that graphite vaporizes at about 3,600°C. It is known 
that graphite is a strong absorber of infrared light and that infrared light such 
as the 1.06 micron laser beam produced by the Nd:YAG laser will penetrate 
25 several millimeters through human skin. 

What is Needed 

What is needed is a simple quick treatment process which could be 
used to treat all of the above skin conditions. 
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SUMMARY OF THE INVENTION 
The present invention provides a very simple easily administered 
skin treatment process for (1) the removal of superficial epidermal skin cells in 
the human skin (2) the reduction or removal of unwanted hair and (3) the 
5 mitigation of skin conditions such as acne and seborrhea. A contaminant 
having a high absorption at at least one wavelength of light is topically applied 
to a section of the surface of the skin. A preferred contaminant is a mixture 
of 20% by weight of one micron graphite particles in mineral oil. Graphite is 
a very strong absorber of 1.06 micron light produced by the NdrYAG laser. 

10 Portions of the contaminant are forced to infiltrate into spaces between the 
superficial epidermal cells, into hair ducts in the skin and into and/or adjacent 
to sebaceous glands. The skin section is muminated with short laser pulses at 
the matching wavelength, so as to impact sufficient energy to the contaminant 
to cause explosion in the rantaminanL The energy released in the course of 

15 the explosions may blow off layers of dead skin cells and/or destroy tissue 
responsible for hair growth and/or sebum production. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a skin section. 
FIG. 2 is a block diagram. 
20 FIGS. 3A-K demonstrate skin peeling. 

FIGS. 4A-E demonstrates a hair removal. 
FIGS. 5A-C demonstrates an alternative hair removal and acne 
treatment process. 

FIG. 6 demonstrates a treatment wherein the hair is removed prii 
25 to application of contaminant 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention can be described by 
reference to the drawings. 
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Nd:YAG LASER AND CARBON PARTICLES IN OIL 

Skin Peeling 
Outer Layers of the Epidermis 
A first preferred embodiment of the present invention can be 
5 described by reference to FIGS. 3 through 3J. FIG. 3A shows a typical cross 
section of a section of the outer portion (the top three strata) of the human 
epidermis such as that in the skin of a 50 year old female's cheek. Shown is a 
representation of a 15-cell thick stratum corneum 1, and a 3-cell thick stratum 
lucidum 2, and a 3-cell thick stratum granulosum. The total thickness shown is 
10 about 100 microns (0.10 mm). 

Individual cells of the stratum corneum have dimensions of about 10 
to 15 microns long, about 5 microns wide and up to 2 microns thick. The cells 
of the upper layers are loosely stuck together. Spaces between the cells range 
from zero distance to about 1 or 2 microns. 
15 Application of Carbon Solution 

The first step of this preferred embodiment is to topically apply a 
layer of carbon solution to the skin surface as shown in FIG. 3B. The solution 
is comprised of 1 micron graphite powder in baby oil The graphite-oil ratio is 
20 percent graphite suspended in 80 percent oil by weight The next step FIG. 
20 3C, is to force some of the carbon particles down below the surface of the 
stratum corneum. We prefer to do this with an ultrasound unit operating at 
02 watts per cm 2 and 10 MHz. 

We use a Hewlett Packard Model 3325A pulse generator and a 
Parametrics transducer model A5525. We have found that approximately 5 
25 minutes of ultra sound treatments at this frequency will force a significant 
number of carbon particles down through several layers of the stratum 
corneum The result of the ultrasound treatment is shown in FIG. 3D. This 
distribution of carbon particles has been demonstrated on pig skin. 
Microscopic examination of biopsy samples from the pig skin show the 
30 distribution depicted in FIG. 3D. As shown in FIG. 3D, two layers of graphite 
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particles are left on the surface and a portion of the particles 6 are distributed 
below the surface. 

Pulse Irradiation 

The next step is to irradiate the skin surface with Nd:YAG laser 
5 pulses of about 3 J/cm 2 at a wavelength of 1.06 Mm. Pulse frequency is about 
5 Hz but we scan the beam so that each location is subjected to pulses at a 
frequency of about 1 Hz. Graphite is very absorptive of laser energy at the 
1.06 fim wavelength. The latent heat of vaporization is about 10 s J/cm 3 for 
cold solid graphite. (The energy required to heat room temperature graphite 

10 to the subliniination temperature is roughly 4% of the sublimination energy.) 
Thus, to vaporize a 1 micron cube (Kr 12 cm 3 ) would require approximately l(r 7 
J. The energy falling on the surface of the 1 micron particle (1 x 10* cm 2 ) in a 
3J/cm 2 pulse is 3 x 10* J, about one third of the energy needed to totally 
vaporize the particle. Therefore, a significant portion of the particle is 

15 vaporized. The energy is deposited in a few nanoseconds so there is no time 
for the heat to diffuse; therefore, the particle explodes violently upon being 
muminated by the pulse. (Subsequent pulses will vaporize the smaller particles 
created by the earlier pulses.) 

Thus, as a result of the first pulse 7 the first layer of graphite 

20 particles is exploded as shown at 8 in FIG. 3E. The second layer and the skin 
surface is effectively shielded from the first pulse 7 by the first layer. Some of 
the carbon particles above the skin have been pushed into the skin as a result 
of the Shockwaves resulting from the explosion of the particle in the first layer. 
The second pulse 9 coming one second later, vaporizes the second layer as 

25 shown at 10 in FIG. 3F. As before, additional particles are pushed into the 
skin. The skin is fairly effectively shielded from pulse 9 by the second layer. 
But the third pulse 11 interacts with the skin and the carbon particle below the 
skin. Laser energy at a 1.06 wavelength has an extinction length in human skin 
of several niillimeters but it is highly absorbed in the graphite particles below 

30 the surface and upon absorption of the energy from third pulse 11 as shown in 
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FIG. 3G, the particles explode violently ripping off the dead cells of the 
stratum corneum which lay above the exploding cells all as shown in FIG. 3H. 
A few particles may be shielded from pulse 11 but three of four additional 
pulses 13 will assure that essentially all graphite particles are exploded as 
5 shown in FIG. 31. 

FIG. 3J shows a cross section view of the skin surface after the laser 
irradiation. This drawing is based on pig skin biopsy results of skin treated as 
described above. The skin is washed lightly with an alcohol soaked cloth and 
allowed to dry resulting in a surface as shown in FIG. 3J. The depiction as 

10 shown in FIG. 3 J can be compared with that of FIG. 3A. We see that about 
three layers of the dead cells in the stratum corneum have been removed. We 
have observed similar effects on human skin tissue in connection with hair 
removal clinical experiments. For most patients, there is no pain, and no 
unpleasant feeling of heat. There is no significant injury to the skin tissue. 

15 The Nd:YAG laser energy which was not absorbed in the carbon is harmlessly 
dissipated in the skin and tissue below the skin. It is preferable to provide a 
slight diverging beam to assure that it spreads after it hits the skin. In our 
preferred embodiment the spot size at the surface is 0.5 cm (diameter) and, 
before interacting with the skin, is spreading at 10 degrees. 

20 Preliminary Biopsy Studies 

Biopsy studies of both pig and human skin conducted six weeks after 
treatment confirm that there is no significant injury to the skin. Our 
preliminary conclusions from these studies indicate new collagen fiber 
formation in the upper part of the dermis immediately below the epidermal 

25 basal membrane. These preliminary observations indicate an abundance of 
fibers which are long, wavy and bound together. There appears to be an 
increase in the portion of young collagen fibers in the samples. We also 
observe what appears to be an increase in plasmocytes and young fibrocytes. 
These preliminary observations indicate a positive effect of the treatment in 

30 the upper layers of the dermis tissue. We have not yet developed an 
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explanation for this indicated effect and we do not yet have sufficient 
experimental data to quantify the results. 

Hair Removal 

FIGS. 4A-4E demonstrate treatment of the skin for hair removal. In 

5 the process we use one of the same mixtures of one micron medical grade 

carbon (graphite) particles and mineral oil as we discuss above with respect to 

skin peeling. The composition is about 20% graphite by weight 

The hair in the to-be-treated is cut with a barber clipper to about a 

length of about 5 mm from the skin surface. The mixture is applied to the 

10 area to be treated. The mixture is massaged into the skin with a cotton swab 

until the hair ducts in the to-be-treated area are infiltrated to an estimated 

depth of about 20 microns to several inillimeters. This stage of the process is 

depicted in FIG. 4A. In addition to the mixture infiltrated in the hair ducts, a 

thin film of the carbon-oil mixture (for example, about 100 particles per cm 2 ) 

15 is left on the surface of the skin in the area to be treated. 

The area to be treated is then illuminated with a pulsed laser beam 

from a Nd:YAG laser. Preferred beam specifications are as follows: 

Wavelength 1.06 micron 

Energy per pulse 1.5 Joules 

20 Beam area 1/2 cm 2 

Energy density 3 J/cm 2 

Frequency 10 pulses per second 

The beam is scanned over the area to be treated with each section 
of the skin in the area receiving about 5 pulses. The first or second pulses 

25 clean substantially all of the mixture from the skin surface by violently 

fracturing the carbon particles. By observing how many particles remain, the 
doctor can estimate the degree to which each area has been treated. As 
shown in FIG. 4A, the initial application of the carbon-oil mixture results in 
carbon particles being deposited about 20 microns deep in the duct. FIG. 4B 

30 represents the results of the first pulse 30 shown in FIG. 4A. A Shockwave in 
the mixture spreads out the mixture for several microns. More important, the 
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violent fragmentation of the particles sends fragments through the duct (FIG* 
4C shows qualitatively the distribution of particles after about 2 pulses.) 
However, with each fragmentation, the particles get smaller (FIGS. 4D and 
4E) and after about 4 or 5 pulses 30 through 36 the fragments have essentially 
5 disappeared. Essentially all of the energy absorbed by the particles and 

fragments is transferred to the skin tissue surrounding the hair. The net result 
is depicted in FIG. 4E. The energy is sufficient to devitalize the tissue feeding 
the hair so the hair dies. In FIG. 4A through 4E arrow 38 locates the section 
of skin tissue damaged. Our biopsy tests indicate the thickness of the damaged 

10 sections range from zero to about 20 microns. The damage to the tissue 

appears to be the combined result of both the heating effect of the hot carbon 
particles and oil and possibly some mechanical damage due to the kinetic 
energy of the particles and fragments. 

We have had excellent results with our human tests. In an early 

15 experiment with this improved process on my own leg essentially all hair was 
removed and after 24 months there has been no significant regrowth. Our 
clinical trials with facial hair have been on-going for 24 weeks. We have been 
very conservative in the application of the laser beam, but the results are very 
good. No significant short term injury to the skin has been observed (only 

20 minor redness and in a very few cases some very minor bleeding). No long 
term injury has been observed. Hair removal success ratio in the treated area 
has ranged from about 0% to about 90% with the average being about 60%. 

Treatment for Acne and Seborrhea 
Our preferred process for treatment of acne and seborrhea is 

25 basically the same as the treatment for hair removal and skin peeling. The 
import difference being the section of skin treated is one in which the patient 
has had problems with acne or seborrhea. Preferably, the treatment is 
scheduled when the ducts to over active sebaceous glands are open. The 
carbon solution described in the preceding section is applied and caused to 

30 infiltrate into the duct leading to the sebaceous glands as shown in FIG. 5A. 
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The portion of the sebaceous glands is also shown in FIG. 1. Laser 
fflumination is substantially the same as for hair removal. The carbon particles 
within or in the vicinity of the sebaceous glands are heated to vaporization 
temperatures which causes the particles to fracture violently or vaporize. 
5 Energy released in the process results in full or partial destruction of 
epithelium tissue making up the surface of the inside wall of the sebaceous 
glands which tissue, produces the sebum. This results in either death or 
reduced effectiveness of the sebaceous glands in the section of skin treated. 
The consequence is a reduced sebum production. The consequence of reduced 
10 sebum production is reduced levels of acne and seborrhea. 

CONFINEMENT OF PARTICLES 

Another preferred embodiment for skin treatment is the same as the 
first preferred embodiment except that after the carbon-oil suspension is 
placed on the skin surface, a thin flat piece of glass (such as a microscope 

15 glass) is placed firmly over the suspension in order to confine the small 
explosions. Several pulses (preferably about 1 or 2) of the laser beam are 
applied through the glass onto each section of suspension. The effect is to 
greatly enhance the subsurface contamination of the upper layers of the 
epidermis with small particles of graphite. The effect is shown in FIGS. 3K 

20 and 3L. One or two pulses is sufficient to produce substantial subsurface 
contamination with small carbon particles. After this application the glass is 
removed and the process as explained above for the first embodiment is 
continued until essentially all of the graphite has been vaporized. In an 
alternate embodiment a disposable plastic plate, transparent to the laser beam 

25 could be used instead of the glass plate. The disposable plastic plate could be 
made a part of an articulated arm of the laser or a part of a hand piece 
attached to the articulated arm. 
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C0 2 LASER 

A third preferred embodiment utilizes a C0 2 pulse laser. Preferred 
operating parameters are: wavelength 10.6 micron, energy density per pulse 2.5 
Joule/cm 2 , pulse diameter 1 cm, pulse duration 50 ns. Laser beams at 10.6 
5 micron have an extinction^ length in skin of about 40 micron because the pulse 
energy is highly absorbed in water. It is much more highly absorbed in carbon. 
We estimate an extinction length of 1 to 2 microns. 

The process is veiy similar to that described above. Graphite is 
applied as above using the ultrasound to force some of the carbon below the 

10 surface. The laser pulses are applied as above and to the first two pulses 
produce similar results cleaning off the two layers of carbon. The third pulse 
however will in addition to vaporizing carbon below the skin surface will 
vaporize a thin surface of tissue. Therefore, we get the combined effect of (1) 
mechanical removal of tissues due to the explosion of particles below the 

15 surface and (2) vaporization of a surface layer of epidermal tissue about 2-3 
microns thick. 

LIQUID CONTAMINANT 

Instead of the carbon oil mixture discussed above, we could use 
other liquids or suspensions such as India ink. India ink is comprised of very 

20 small submicron graphite particles suspended in a liquid such as a water 
solution of alcohol. We may also use a solution of warm water colored with 
black food coloring at one part color per fifty parts water. Apply to skin 
surface with gauze for 10 minutes. The contaminant will infiltrate into the 
space in the upper layers of the corneum stratum. (These spaces are normally 

25 filled with air.) Remove gauze and illuminate with about 1 or 2 pulses per site 
using a C0 2 laser operating at 10.6 microns and 50 nanosecond duration pulses 
with an energy density of 2 Joules per cm 2 . These short pulses will deposit 
sufficient energy selectively to the contaminant solution to vaporize instantly 
the contaminant tearing off the upper most corneum stratum cells in the skin 

30 section. 
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An alternative to this embodiment is to add indocyanine green to 
the warm water instead of the black food coloring. Indocyanine green absorbs 
infrared light such as that produced by the Nd:YAG, CO,, Alexandrite, Ti: 
Sapphire and Ga:As diode lasers. Since water is an excellent absorber of C0 2 
5 laser energy, many water based skin lotions could be used with the C0 2 laser. 
REMOVAL OF HAIR (PARTIALLY OR FULLY) FROM DUCT 
A preferred embodiment of this invention for hair removal and for 
acne treatment is shown in FIGS. 5 A, B and C and 6. FIG. 5A depicts 2 hairs 
on a skin section showing hair stem 33, hair duct 31 and the sebaceous gland 
10 38. As shown in FIG. 5B the hair is partially removed from the hair duct 
below the skin surface by chemical depilation. The carbon solution is then 
applied to the skin section and rubbed into the skin. In this case, since the 
upper part of the 50 micron diameter hair is gone, there is much more room in 
the duct for the solution with 1 micron particles as shown in FIG. 5C. The 
15 skin section is illuminated as discussed above but in this case the process is 
much more effective for hair tissue destruction and sebaceous gland tissue 
destruction because there is a far greater quantity of carbon particles initially 
in the duct 

FIG. 6 shows a hair duct in which the complete hair has been 
20 completely removed by a method such as plucking or by extraction with hair 
extraction wax. Here an even greater quantity of carbon particles can be 
infiltrated into the duct for even more effectiveness. A good method of 
removing the hair in preparation for the laser treatment is as follows: 
Place a thin layer of super glue on a 2 cm 2 section of a glass 
25 microscope slide. After five seconds place the treated section of the slide on 
the skin area to be treated. Leave on the skin for 30 seconds. Lift the slide. 
This will pull out all hairs by the roots. The ducts can then be infiltrated with 
contaminant as discussed above. 



WO 96/41579 



PCT/US96/10155 



- 13- 

OTHER EMBODIMENTS 

Persons skilled in the laser-medicine art will recognize that many 
other lasers-contaminant combination could be used to practice this invention. 
The important attributes of the combinations are: 
5 1) The contaminant must be very highly absorptive of energy at 

the wavelength of the laser beam when using small particles, the particles 
preferably should be smaller than 10 microns. 

2) The laser beam preferably is a pulsed beam with very short 
pulses (pulse duration of less than 1 microsecond). 
10 3) The contaminant should be capable of being infiltrated into 

spaces in the upper layers of the skin. 

4) The contaminant should explode with sufficient energy upon 
absorption of the laser energy to produce the desired results. 

Applicants have tested acrylic tattoo inks which have been approved 
15 by FDA for tattoo use. Black and blue tattoo inks marketed by Spaulding and 
Rogers appear to work well with a Nd:YAG laser operating at 1 Hz, 1.06 
micron with an energy density of about 3 J/cm 2 . We had less success with 
other colors. Applicant has also performed experiments using black powder 
which is a very finely ground mixture of potassium nitrate, carbon and sulfur. 
20 This mixture explodes chemically when illuminated with 10 ns, 2 J/cm 2 

Nd:YAG laser pulses. The portions of the above chemicals in black powder 
may be about 75% KNO3, 15% carbon and 15% sulfur. 

While the above description contains many specifications, the reader 
25 should not construe these as limitations on the scope of the invention, by 

merely as exemplifications of preferred embodiments thereof. Those skilled in 
the art will envision many other possible variations are within its scope. 
Accordingly the reader is requested to determine the scope of the invention by 
the appended claims and their legal equivalents, and not by the examples 
30 which have been given. 
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We claim: 

1. A skin treatment process comprising the steps of: 

a. topically applying to a section of skin a contaminant having a 
high absorption at at least one frequency band of light which penetrates outer 

5 layers of human epidermis, 

b. forcing some of said contaminant to infiltrate into spaces in 
the skin and 

c. ffluminating said section of skin with pulses of said at least 
one frequency band of light, so as to impart to the contaminant sufficient 

10 energy to cause at least a portion of said infiltrated contaminant to explode. 

2. A process as in Claim 1 wherein said contaminant comprises 
a large number of carbon particles. 

3. A process as in Claim 1 wherein an ultrasound device is 
utilized to force said some of the small carbon particles to infiltrate into said 

15 spaces. 

4. A process as in Claim 1 wherein an explosion, defining a 
forcing explosion, of a portion of said contaminant is utilized to force another 
portion of said contaminant to infiltrate into said spaces. 

5. A process as in Claim 1 wherein a confinement means, 

20 transparent to said at least one frequency band of light is placed firmly over 
said topically applied contamination for the duration of said forcing explosion 
for the purpose of confining said forcing explosion. 

6. A process as in Claim 5 wherein said confinement means is a 
glass plate. 

25 7. A process as in Claim 5 wherein said confinement means is a 

plastic plate. 

8. A process as in Claim 7 wherein said plastic plates is a part 
of an articulated arm. 



WO 96/41579 



PCT/US96/10155 



- 15- 

9. A process as in Claim 1 wherein said small carbon particles 
are small graphite particles. 

10. A process as in Claim 9 wherein said small graphite particles 
are mixed with an oil. 

5 11. A process as in Claim 10 wherein said oil is baby oil. 

12. A process as in Claim 2 wherein said small carbon particles 
have major dimension of about 1 micron. 

13. A process as in Claim 2 wherein said laser pulses are pulses 
from a Nd:YAG laser. 

10 14. A process as in Claim 2 wherein said laser pulses are pulses 

from a C0 2 laser. 

15. A process as in Claim 1 wherein said spaces in said skin 
comprise spaces in hair ducts in said skin not occupied by hair. 

16. A process as in Claim 15 wherein said at least one of said 
15 pulses has sufficient energy to destroy tissue feeding hair growing in said hair 

ducts. 

17. A process as in Claim 15 comprising the additional step of 
removing from said ducts a portion of a plurality of hairs in said skin section 
prior to applying said contaminant. 

20 18. A process as in Claim 15 comprising the additional step of 

removing from said ducts substantially all of a plurality of hairs in said skin 

section prior to applying said contaminant. 

19. A process as in Claim 1 wherein said spaces in said skin 

comprises spaces between superficial epidermal skin cells. 
25 20. A process as in Claim 1 wherein said spaces in said skin 

comprises spaces within sebaceous glands. 

21. A process as in Claim 2 wherein said spaces in said skin 
comprise spaces adjacent to sebaceous glands. 

22. A process as in Claim 1 wherein said contaminant is a 
30 chemical explosive. 
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23. A process as in Claim 1 wherein said contaminant is black 

powder. 

24. A process as in Claim 1 wherein said contaminant is a 
mixture of potassium nitrate, carbon and sulfur. 
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RADIATION -DELIVERY DEVICE 
Background 

This invention relates to radiation-delivery 
5 devices . 

Radiation sources, such as lasers, are used in a 
variety of medical applications because of their ability 
to generate precise, self -cauterizing incisions and 
locally heat tissue without contacting the patient. In 
10 particular, laser light is used in a variety of 

dermatological therapies, such as to remove tatoos, port- 
wine stains, and unwanted hair. In these applications, 
radiation is typically delivered through a fiber optic 
system to a lens, which subsequently images the radiation 
15 onto the region of interest. The radiation is absorbed 
by a portion of the skin or hair (e.g., the melanin or 
blood vessels) , resulting in optical absorption and 
localized heating. 

In nearly all laser-based surgical procedures, it 
20 is desirable to maximize the amount of radiation 
delivered to the tissue, and minimize the amount of 
radiation which is re-emitted (e.g., reflected or back- 
scattered) from the tissue. This is particularly 
difficult to achieve during dermatological procedures, as 
25 the turbid optical quality of the skin tends to scatter 
incident light in all directions. In addition, 
reflection due to differences in the refractive indices 
of the skin (n = 1.5) and the air (n = 1.0) leads to 
further losses. To compensate for radiation lost through 
30 these processes, the operator is forced to increase the 
output power of the light source. This often decreases 
the accuracy of the procedure, or may, in fact, be 
impossible if the light source is operating at its 
maximum power output. 
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Several references teach optical systems which 
manipulate laser beams to generate more desirable light 
fields for medical therapies. In U.S. Patent 5,309,339, 
for example, Webb describes an optical concentrator for 

5 manipulating the cross-sectional area and reducing 

speckle of an incident laser beam. In Webb's device, a 
spherical or hemispherical mirror is used to return laser 
light scattered from a diffusely reflective surface back 
onto the point of incidence. Lenses are then used to 

0 produce an output beam by collecting light from the point 
of incidence. 



Summary 

In general, in one aspect, the invention provides 
a method for irradiating a material. The method includes 

15 the step of first exposing the material with radiation 
(e.g., optical radiation). Following the exposing step, 
radiation is partially re-emitted (e.g., scattered, 
reflected, or both scattered and reflected) from the 
material. The material is then re-exposed with the re- 

20 emitted radiation. Preferably, the material is a 

patient's tissue. By "tissue" is meant any collection of 
cells or any specific organ in the patient (e.g., human 
skin) . 

The method of the invention is carried out with an 
25 irradiating device configured receive radiation from a 
radiation delivery means. The radiation delivery means 
delivers radiation from a radiation source to the 
material, and is preferably connected to a reflective 
housing. The housing includes an opening or surface for 
30 placement over the material and a reflective component 
proximal to the opening or surface. Most preferably, the 
radiation delivery means is a fiber optic waveguide or an 
articulated arm, and the radiation source is a laser. 
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In preferred embodiments, the re-emitted radiation 
is received and reflected by a reflective device to re- 
expose the material. For example, the reflective device 
can be a reflective housing positioned proximal to the 
5 material prior to the exposing step. Preferably, the 
reflective housing is substantially hemispherical in 
shape, and the material is positioned substantially near 
the center of the hemisphere. Alternatively, the 
reflective housing is substantially elliptical in shape, 
10 and the material is positioned substantially near a focus 
of the ellipse. The reflective housing may also be 
substantially spherical in shape, with the opening 
disposed on a surface of the sphere. In still other 
embodiments, the reflective housing is substantially 

15 cone-shaped and includes an opening at the base of the 
cone. During operation, the material is positioned near 
this opening. 

The method of the invention can also be carried 
out with an irradiating device which includes an 

20 optically transparent plate featuring a reflective 

coating on one of its surfaces. The reflective coating 
is disposed on the plate to transmit normally incident 
radiation (i.e., radiation angled at between about 80° 
and 100° relative to the surface of the reflective 

25 coating), receive radiation re-emitted from the material, 
and reflect any re-emitted radiation back onto the 
material. Preferably, the reflective coating contains a 
dielectric material or multiple layers of dielectric 
materials which exhibit angularly dependent reflective 

30 properties. 

Here, by "substantially hemispherical", 
"substantially elliptical", or "substantially spherical" 
is meant a reflective housing which is shaped, 
respectively, in the form of a hemisphere, ellipse, or 

35 sphere so that it reflects incident light to a well- 
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defined area. Preferably, this area is not more that a 
few millimeters in radius. "Substantially cone-shaped" 
means at least a portion of the housing is conically 
shaped. By "center of the hemisphere" is meant the 
5 geometrical center of the sphere composed of two 
identical hemispheres. By "substantially near the 
center" or "substantially near the focus" is meant a 
position within a few millimeters of, respectively, the 
actual center or focus. "Substantially transparent" and 
10 substantially reflects" means that, respectively, at 
least 80% of the radiation is either transmitted or 
reflected. 

The reflective housing preferably includes a 
reflective coating for reflecting the re-emitted 

15 radiation. The coating, for example, may be a reflective 
film, such as a metallic or dielectric film. The 
dielectric film may be reflective in only a portion of 
the electromagnetic spectrum, thereby allowing direct 
visualization of the material through the film. 

20 In other preferred embodiments, the reflective 

housing features an array of grooves configured to 
reflect the re-emitted radiation. These grooves have 
reflective properties similar to those of corner cubes, 
retroref lectors, or similar optical components which 

25 reflect radiation by internal reflection. Other 

reflecting materials, such as white paint or reflecting 
tapes, may be used to reflect radiation within the 
housing. In these embodiments, the reflective housing 
may take on any shape. For example, in addition to the 

30 embodiments described above, the housing may be formed in 
the shape of a cylindrical tube, with the reflective 
material disposed on portions of the tube's inner 
surface. In this case, the opening for irradiating the 
tissue is positioned on one of the flat surfaces of the 

35 tube. 
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In preferred embodiments, the irradiation device 
is used during a medical therapy to irradiate a patient's 
tissue. In this case, the device is used in combination 
with standard medical procedures normally employed when 
5 radiation is delivered to tissue. Preferably, the 

radiation used in the therapy is optical radiation, and 
the therapy is used to treat human skin. Examples of 
such therapies include optical removal of tatoos, port- 
wine stains, abnormal blood vessels, psoriatic skin, 

10 unwanted hair, pigmented lesions, skin cancers and other 
lesions treated by laser surgery, phototherapy, 
photochemotherapy or photodynamic therapy. 

The invention has a number of advantages. In 
particular, it increases the efficiency of a laser-based 

15 surgical procedure by treating the tissue of interest 

with radiation which is normally not utilized. Scattered 
or reflected light, lost during conventional procedures, 
is effectively "recycled" and used to re-expose and treat 
the tissue. In this way, optical fluences can be kept 

20 relatively low during treatment, thereby enhancing the 
accuracy and flexibility of the therapy. 

The invention provides a gain of optical energy 
available to the tissue by a factor of up to (1-R)" 1 , 
where R is the wavelength-dependent fraction of incident 

25 light re-emitted from the tissue. For example, when R is 
0.7 (a typical value for red light re-emitted from fair 
skin) the energy available to the skin using the 
irradiation device may be as large as three times that 
available without the device. 

30 In addition to increasing the amount of radiation 

available for therapy, the invention can also effectively 
increase the exposure spot diameter of the radiation. In 
many applications in which the "target" for therapy is 
deep within the skin (e.g., during the removal of 
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tattoos, port-wine stains, or hair) , such a larger 
exposure spot diameter is advantageous. 

Moreover, by collecting and then re-exposing the 
tissue of interest with the re-emitted radiation, the 
5 invention generates a more spatially uniform field during 
therapy. This gives the operator more control over the 
amount of heat delivered to the tissue, and thus improves 
the accuracy of the therapy. 

The invention also increases the safety of laser- 

10 based therapies. Light reflected or scattered from the 
tissue, as well as ablated tissue which can be hazardous 
to the operators, is contained within a well-defined area 
by the irradiating device. Moreover, the device can be 
made small and compact, and can be used interchangeably 

15 with conventional laser-based surgical instruments. The 
device can additionally be fabricated with relatively 
inexpensive, disposable materials; a new, sterilized 
device can therefore be used for each procedure. 

These and other advantages will be apparent from 

20 the following detailed description, and from the claims. 

Brief Description of the Drawings 

Fig. 1 is a top view of an irradiating device of 
the invention being used to irradiate a patient's skin; 

Fig. 2 is a cross-sectional side view of an 
25 irradiating device in contact with the patient's skin; 

Figs. 3A-3C are, respectively, cross-sectional 
side views of the irradiating device during initial 
irradiation of the skin, after radiation is initially re- 
emitted from the skin surface, and after the re-emitted 
30 radiation is reflected off the reflective housing and 
back towards the skin surface; 

Figs. 4A and 4B are cut-away cross-sectional side 
views of, respectively, a reflective housing including a 
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radiation-reflecting coating, and a reflective housing 
including an array of retro-reflecting grooves; 

Fig. 5 is a cross-sectional side view of an 
irradiating device including a reflective housing 
5 featuring a hemispherical top portion and a tapered 
bottom portion; 

Fig. 6 is a cross-sectional side view of an 
irradiating device containing a reflective housing 
featuring two hemispherical top portions and a straight 
10 bottom portion; 

Fig. 7 is a cross-sectional side view of an 
irradiating device containing an elliptical reflective 
housing; 

Fig. 8 is a cross-sectional side view of an 
15 irradiating device including a cone-shaped reflective 
housing; and, 

Fig. 9 is a side view of a irradiating device 
featuring a flat, optically transparent plate coated with 
a reflecting dielectric film. 

20 Detailed Description 

Device Structure 

Referring first to Fig. 1, an irradiating device 
10 delivers radiation during a therapy to an area of a 
patient's tissue 14. The device 10 is configured so that 

25 radiation which is normally re-emitted from the tissue 
after irradiation (and is thus wasted during the therapy) 
can be collected and imaged back onto the originally 
irradiated area. 

The device includes a fiber optic waveguide 12 

30 coupled to a laser or other radiation source (not shown 
in the figure) . A distal end 20 of the fiber optic 
waveguide is housed in a delivery handpiece 18 and an 
input port 16 so that radiation from the fiber can be 
delivered to the device 10. The input port 16 is 
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connected to a hemispherically shaped reflective housing 
13 which surrounds the tissue to be irradiated and is 
configured to reflect radiation. During operation, 
radiation is delivered from the fiber optic waveguide 12 
5 to the tissue. Portions of the delivered radiation are 
either absorbed by the tissue, leading to radiation- 
induced heating, or are re-emitted from the irradiated 
area. The re-emitted radiation propagates away from the 
tissue, and is collected by the hemispherically shaped 

10 reflective housing 13. A template 22 connected to the 
housing 13 is used to position the device on the 
patient's tissue and facilitate alignment of the 
radiation. The template is especially useful for 
aligning radiation onto tissue containing rough or curved 

15 surfaces, such as the skin. The reflective housing 13 
includes a transparent porthole 24 for viewing the 
irradiated region. 

Figs. 2, 4A and 4B show cross-sectional views of 
the irradiation device 10 and the reflective housing 13. 

20 The delivery handpiece 18 and input port 16 connected to 
the housing each enclose portions of the fiber optic 
waveguide 12. The distal end 11 of the waveguide 12 
extends into the device and is surrounded by the 
hemispherically shaped reflective housing 13. The 

25 housing 13 is connected to the template 22 which, in 
turn, is placed in contact with a patient's tissue 14. 
The template 22 includes an opening 21 positioned above a 
portion 17 of the tissue and in the center of the 
hemispherical reflective housing. The opening 21 and 

30 distal end 11 of the waveguide are aligned so that, 
during therapy, radiation from the waveguide passes 
through the template and onto the tissue. 

The reflective housing includes a reflective 
coating 30 on its inner surface so that during therapy 

35 radiation scattered or reflected from the tissue is 
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portion of tissue. The reflective coating 30 can be any 
reflective material and can be made using any of a number 
of techniques known in the art. For example, the coating 
5 may be deposited as a thin reflective film on the inner 
surface of a transparent substrate 32. The coating may 
also be deposited on the substrate's outer surface. 

In particular embodiments, the coating may be a 
thin metallic film composed of materials such as 

10 aluminum, silver, or gold. The reflective properties of 
these materials are dependent on the material composition 
and the film thickness, and are well known in the optical 
arts. Dielectric films may also serve as reflective 
coatings. These materials have particularly desirable 

15 reflectivities at visible and infrared wavelengths, and 
can be used to coat the inner or outer surfaces of the 
substrate material 32. Dielectric coatings have the 
additional advantage that they can be made transparent to 
visible wavelengths or radiation at certain angles of 

20 incidence; thus, when used with transparent substrates, 
these materials allow the operator to directly view the 
procedure without the need for a porthole. 

The reflective housing is preferably shaped so 
that re-emitted radiation is collected and imaged onto a 

25 region contained in the originally irradiated area. In 
this way, the spatial extent of the irradiated area is 
not significantly increased by the reflective process, 
and thus the accuracy of the procedure is maintained. 
This is particularly important during therapies requiring 

30 small radiation spot sizes, such as during the treatment 
of small vascularized regions in human skin. As 
described above, the housing preferably has a 
hemispherical shape, and the irradiated region is located 
as close as possible to the center of the hemisphere. In 
35 this configuration, the re-emitted radiation incident on 
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the tissue is evenly distributed, and "hot spots" in the 
irradiated area are avoided. 

In the embodiment shown in Fig. 4A, the reflective 
housing is hemispherical, and radiation (indicated by the 
5 arrow 33) incident on the coating 30 is reflected back 
towards the tissue (arrow 34) with a slight angular 
deviation. This angle is such that the re-exposed region 
of tissue lies substantially within the originally 
exposed area. When the coating 30 is deposited on the 

10 outer surface 35 of the substrate 32, radiation reflected 
back towards the tissue propagates through the substrate 
twice before re-exposing the tissue. 

Referring now to Fig. 4B, the housing can also be 
made reflective by cutting right-angle grooves 36 into 

15 the transparent substrate 32. In this case, each groove 
3 6 has two orthogonal reflective faces 3 5a, 35b and 
serves as an individual "corner cube" or "retroref lector" 
for reflecting the incident radiation. Preferably, an 
array of concentric grooves, each positioned at different 

20 cross-sectional slices of the hemisphere, are cut into 
the substrate. Other patterns of grooves may also be 
used. Preferably, in order to maximize the reflectance 
of the housing, the grooves are spaced together as 
closely as possible. For total internal reflection to 

25 occur at the air/ substrate interface 38 of each groove, 
the substrate must be composed of a material having the 
appropriate refractive index. Typically, optically 
transparent materials, such as glasses or plastics having 
refractive indices greater than 1.4, are suitable. In 

30 the reflective housing 13 shown in Fig. 4B, incident 

radiation (indicated by the arrow 40) re-emitted from the 
tissue is reflected back towards its point of origin. 
The reflected radiation (arrow 42) is displaced by an 
amount equal to the propagation distance between the two 

35 orthogonal faces 35a, 35b of the groove. In this way, 
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the irradiated area of tissue is kept small. Moreover, 
in the embodiment shown in Fig. 4B, the radiation is 
reflected by the grooves directly back towards its point 
of origin regardless of the shape of the reflective 
5 housing. Thus, irradiation devices employing reflecting 
grooves have the additional advantage that they can be 
formed into arbitrary shapes. This is particularly 
desirable for irradiating devices configured to irradiate 
hard-to-reach areas of tissue. 

10 Preferably, in the embodiments described above, 

the substrate is composed of a material which is 
transparent to the incident radiation. For example, for 
visible radiation, the substrate can be composed of 
transparent glasses, plastics, or other suitable 

15 materials known in the art. In particular, plastic 

materials are desirable, as they can be manufactured in 
high quantities for relatively low costs. Such materials 
are formed using techniques well-known in the art, such 
as injection molding or machining. Irradiation devices, 

20 and particularly those made from plastic materials, can 
be sterilized and are disposable. 

In addition to the reflective surfaces shown in 
Figs. 4A and 4B, other reflective coatings and devices 
known in the art can be used with the irradiation 

25 device's reflective housing. For example, the substrate 
can be substantially composed of a reflecting material, 
thereby obviating the need for inner or outer surface 
coatings. In particular embodiments, the substrate can 
be composed of a diffusely reflecting white plastic, 

30 frosted glass, or a related material. These materials 
have lower reflectivities than metallic or dielectric- 
coated materials, and function essentially as optical 
"integrating spheres." Materials of this type have the 
advantage of irradiating an area with a particularly 
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uniform field after reflecting the re-emitted radiation. 

In other embodiments, the reflecting housing may 
be covered on its inner or outer surface with reflecting 
tape, paint, or any other material which can be used to 
5 reflect radiation, and particularly optical radiation. 
Preferably, the reflecting material reflects at least 80% 
and most preferably, at least 90% of the remitted 
radiation. Since the most preferred applications involve 
the use of optical radiation, the coating preferably 

10 exhibits the above-mentioned reflectivities for 

wavelengths in the range of 200 nm to 5 microns. In 
particularly preferred embodiments, the reflective 
housing is configured to reflect optical wavelengths 
which are typically used in dermatological applications, 

15 i.e., 500 - 1100 nm. 

In still other embodiments, the template connected 
to the housing can be replaced with a plate which is 
transparent to the incident radiation. Like the 
template, the transparent plate is used to position the 

20 device on the patient's tissue and facilitate alignment 
of the radiation. The plate is particularly effective in 
aligning radiation onto tissue containing rough or curved 
surfaces, such as the skin. 

Figs. 3A-3C illustrate in more detail the 

25 propagation characteristics of the radiation during a 
typical therapy. After being delivered from the fiber 
optic waveguide 12, incident radiation 19 enters the 
irradiation device, propagates through the opening 21 in 
the template 22, and irradiates the portion 17 of the 

30 patient's tissue 14. While some of the radiation is 
absorbed, refractive index differences between the 
surrounding air (n = 1) and the tissue (typically n = 
1.5) cause a substantial fraction 19' of the incident 
radiation to be reflected. For example, for both black 
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and white human skin, between 4% and 7% of optical 
radiation from 250 and 3000 nm is reflected off the 
stratum corneum (i.e., the skin's upper layer). This 
same air/skin interface also scatters incident radiation 
5 away from the skin's outer surface. Optical scattering 
within the skin, such as scattering from collagens in the 
dermis, cells in the epidermis, and other skin 
structures, additionally directs radiation away from the 
originally irradiated area. 

10 Radiation propagating away from the tissue surface 

is collected by the reflective housing 13. Reflection 
off the housing redirects the re-emitted radiation 19" 
back towards the tissue surface, where it irradiates the 
same or nearby region within the originally irradiated 

15 area. Here, radiation is again partially absorbed and 
partially re-emitted. Although a single reflection is 
indicated in the figures, radiation may undergo multiple 
reflections in the housing before being reflected back 
towards the originally irradiated area. As described 

20 above, to keep the irradiated area at a minimum, the 

reflective housing preferably has a hemispherical shape, 
with the irradiated region positioned at the hemisphere's 
center. 

In theory, this iterative process of exposing and 
25 re-exposing the tissue is repeated until all the 

radiation propagating in the irradiation device 10 is 
absorbed. In practice, however, losses due primarily to 
the reflectivity of the reflective housing and the fact 
that some components in the irradiation device (e.g., the 
30 fiber optic waveguide and the porthole) are non- 
reflective result in finite increases (i.e., gain) in the 
amount of delivered radiation. Typically, the gain due 
to the irradiation device represents between about 25% 
and 300% of the amount of radiation orginally delivered 
35 to the tissue. This gain will depend on the wavelength, 
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tissue properties, device reflectance, device size, and 
device shape. 

The actual gain in the radiation energy is 
determined by comparing the method according to the 
5 invention to conventional means for delivering radiation 
to tissues. In procedures where the irradiating device 
is not used, the energy E 0 of the radiation available for 
treatment is: 

where R s is a coefficient indicative of the amount of 
10 radiation re-emitted from the tissue and E incident is the 
energy of the incident radiation. R s is wavelength- 
dependent and has a value which is less than one: a low 
value of R B means that the majority of incident radiation 
is absorbed by the tissue, while a high value indicates a 
15 large amount of radiation re-emission. Thus, if R B = .3, 
then E 0 = 0.7 E incident , meaning that 70% of the incident 
light is absorbed by the tissue during treatment. 

The radiation energy E available for therapy when 
the irradiation device is employed can be expressed 
20 mathematically as: 

(***»> 2 + <W 3 + •••] - M E *. (2) 

where R s and E 0 are the quantities expressed above and R m 
is the collective reflectance of the reflective housing. 
Like R s , is wavelength-dependent and has a value less 
than one. By comparing equations 1 and 2, the gain due 
25 to the irradiation device is expressed as: 

° ala - li^M <3) 

Thus, using the device of the invention, the amount of 
radiation available for therapy increases as the 
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collective reflectance of the reflective housing 
increases. Most preferably, therefore, this reflectance 
is made as high as possible. 

Table 1, shown below, lists the increases in 
5 available optical radiation as a function of the 

radiation wavelength and the tissue remittance for human 
skin. In all cases, is 0.9 and R s is the reflectance 
value of the skin at the optical wavelength. Increases 
in optical energy are calculated relative to conventional 
10 therapies performed without the irradiating device. 
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From Table 1, it is evident that the gain of the 
radiation increases with the Rgl^ product. This product 
can be increased by choosing an irradiating wavelength 
which is re-emitted strongly by the tissue or, as 
5 described above, by maximizing the reflectance of the 
reflective housing for the irradiating wavelength. 

As is evident from the Table, optical radiation 
near 700 nm is subjected to a gain of approximately 170% 
when used in combination with the irradiating device. 
10 This wavelength is easily obtainable using conventional 
light sources (e.g., ruby, dye, diode and Tirsapphire 
lasers). Thus, when used with these light sources, the 
irradiating device effectively triples the effective 
amount of radiation available for therapy. Optical 
15 radiation at 1064 nm (a wavelength generated using 
conventional NdrYAG lasers) is also subject to a high 
gain (117% increase) when used in combination with the 
irradiation device. 

During therapy, the distribution of radiation 
20 reflected from the irradiated area of tissue towards the 
reflective housing is typically diffuse. This is 
particularly true for skin, which is an isotropic medium 
functioning essentially as a Lambertian reflector. In 
this case, the intensity of re-emitted light varies as 
25 cos(e), where e is the angle relative to the normal 

vector of the skin surface. However, the amount of light 
collected by a hemispherical reflector varies as sin(e) . 
Therefore, the contribution of a hemispherical reflector 
is most pronounced at e = 45°, i.e., the angle where the 
30 product sin(e)cos(e) is maximized. This means that 
although a large fraction of radiation is gathered at 
angles of between about 0° and 60° from the beam path of 
the incident radiation, the most significant region of 
reflected radiation typically occurs at 45° from the 
35 angle of incidence. The amount of radiation reflected at 
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90° from the angle of incidence is typically negligible. 
Thus, it is particularly important for the reflective 
housing to have adequate reflective properties in the 
regions where the reflected radiation is concentrated 
5 (i.e., around 45° from the angle of incidence and 

preferably the region of 0-60°). Coatings in the regions 
of low radiation concentrations (e.g., 90°) are less 
important . 

Fig. 5 shows an another embodiment of the 

10 invention in which the reflective housing 112 of the 

irradiation device 100 is designed to capture and reflect 
the re-emitted light over the important region of 
approximately e = 0° - 60°. The reflective housing 
includes a hemispherically shaped upper portion 102 and a 

15 conical lower portion 104 connected directly to a 

template 106. The template can be reduced in size or 
removed. In this configuration, the device, with its 
tapered lower portion occupying a relatively small area, 
is particularly effective in delivering radiation to 

20 hard-to-reach places. 

The irradiated area 103 of tissue 105 is 
positioned substantially at the center of the upper 
portion 102 of the reflective housing 112. Preferably, 
the upper portion 102 extends at an angle of at least 60° 

25 from the angle of incidence of the input radiation. In 
this configuration, the reflective housing only contains 
reflective portions in regions where the contribution 
from re-emitted radiation intensity is high; no 
reflecting portion is present in the regions where the 

30 reflected radiation intensity is low, i.e., from about an 
angle of 60° to 90° from the angle of incidence. Note 
that the small amount of light which is re-emitted at 
these angles will be reflected by the lower portion 104 
of the housing towards the upper portion 102, where it 
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will then be reflected back towards the original area of 
irradiation. 

The delivery handpiece 108 and input port 110 for 
this device are the same as those described for the 
5 embodiment of Fig. 1. Similarly, the reflective and 
substrate materials in this embodiment are the same as 
those described above. The figure shows a reflective 
coating 114 deposited on the inner surface of a substrate 
115. Other types of reflective housings, such as those 
10 containing grooves, may also be used with the irradiation 
device. 

Still other embodiments of the invention are shown 
in Figs. 6-9. In Fig. 6, an irradiating device 120 
features a reflective housing 121 including first 131 and 

15 second 122 hemispherical portions and first 127 and 

second 124 tapered portions. The reflective housing 121 
is in contact with a template 126 and is configured to 
deliver re-emitted radiation to an area 128 of tissue 
130. Each portion of the housing is coated with a 

20 reflective film 125 as in previous embodiments. As 

indicated by the arrows 119 and 123, re-emitted radiation 
is reflected by the coating back towards the originally 
irradiated region so that the amount of radiation 
delivered to the area 128 is increased. In this case, 

25 the first and second hemispherical portions have 
different diameters; the irradiated area 128 is 
positioned at the coincident centers of the two 
hemispheres. Separating the housing into first and 
second hemispherical portions results in a smaller amount 

30 of the re-emitted optical intensity irradiating the non- 
reflective region containing the fiber optic waveguide 
132 and the input port 134. This is because re-emitted 
radiation spatially diverges after the incident beam 
irradiates the tissue, and thus the spatial concentration 
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of radiation decreases as a function of distance from the 
irradiated region 128. 

Fig. 7 shows another embodiment of the invention 
in which the irradiating device 13 0 includes a reflective 
5 housing 132 shaped as an ellipse. An area 136 of tissue 
138 is irradiated with an incident beam delivered by the 
fiber optic waveguide 140. The elliptical housing is 
positioned with respect to a template 134 so that one of 
its foci is coincident with the irradiated area 136. In 

10 this way, as indicated by the arrow 133, re-emitted 

radiation is returned to the originally irradiated area 
after being reflected multiple times by the housing. 

In the embodiments shown in Figs. 6 and 7, the 
template connected to the housing can be replaced with a 

15 plate which is transparent to the incident radiation. 
Like the template, the transparent plate is used to 
position the device on the patient's tissue and 
facilitate alignment of the radiation. The plate is 
particularly effective in aligning radiation onto tissue 

20 containing rough or curved surfaces, such as the skin. 
Fig. 8 shows a cross-sectional view of an 
irradiating device 148 where an optical fiber 150 
delivering optical radiation (indicated by the arrow 152) 
attaches directly to a cone-shaped, diffusely reflective 

25 housing 154. The housing 154 includes an upper opening 
156 which houses the fiber, and a lower opening 158 
placed in direct contact with a patient's tissue 160 
(e.g., the skin). The housing 154 is preferably 
constructed entirely of a diffusely reflecting material, 

30 such as a white plastic, to form a highly reflecting 

cavity. Alternatively, the housing may be formed from a 
plastic, metal, glass material coated on its inner 
surface with a diffusely reflecting coating (e.g., a 
white paint or roughened metallic coating) . 
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During operation, radiation emitted from the fiber 
150 spatially diverges (typically at an angle of about 
30°, as indicated by the dashed lines 162) until it 
impinges the tissue 160 and is absorbed. The height of 
5 the cone thus determines the radiation spot size on the 
tissue, as the radiation's divergence and area increase 
with cone height. Typically the cone height is chosen to 
be about 1.5 cm. As described above, a portion of the 
radiation impinging the tissue is randomly re-emitted and 

10 propagates back towards the housing 154. There, the 
radiation is either reflected back onto the tissue or 
onto another portion of the housing. These processes 
increase the gain, or total amount of radiation which is 
absorbed by the tissue. In theory, the reflection 

15 process continues until all the incident light is either 
absorbed by the tissue or is sent back through the fiber 
150. It is therefore desirable to increase the ratio 
between the areas of the lower 158 and upper 156 
openings, as this will increase the actual amount of 

20 light redirected towards the tissue. 

Fig. 9 shows another irradiating device 168 of the 
invention where the reflective housing consists of a 
optically transparent plate 170 coated on its upper 
surface with a dielectric coating 172. The plate 170, in 

25 turn, directly contacts the patient's tissue 160. As is 
well known in the art, the reflectivity of a dielectric 
coating depends on the angle and wavelength of the 
incident optical beam, and can maximized or minimized by 
varying the thickness and refractive index (i.e., the 

30 material composition) of the coating's dielectric layers 
170a, 170b. The 'bandwidth' of the coating, i.e., the 
range of wavelengths or incident angles which are 
transmitted or reflected, depends on the refractive index 
and number of the layers. 
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For optimum performance, the device 168 preferably 
includes a narrow-band, high-efficiency coating which 
transmits normally incident radiation (indicated by the 
arrow 174) and radiation which deviates from normal by 
5 less than about 15°. After this radiation impinges the 
tissue 160, re-emitted radiation impinging the coating's 
bottom surface at angles greater than about 15° 
(indicated by the arrows 175) , is reflected back towards 
the tissue by the coating to increase the gain. As is 

10 described above, re-emitted radiation typically leaves 
the tissue at an angle of about 45°. This process of 
reflecting re-emitted radiation continues until all the 
radiation is either absorbed by the tissue or is 
transmitted through the coating. 

15 Other embodiments of the irradiating device of 

Fig. 9 are also possible. For example, the dielectric 
coating can be on the bottom surface of the glass plate. 
The plate can also be attached directly to a faceplate or 
handpiece for ease of use. 

20 Therapies and Other Applications 

The irradiation device can be used in combination 
with any known radiation-based therapy to increase the 
gain of the radiation. Examples of such therapies 
include optical removal of tatoos, port-wine stains, 

25 abnormal blood vessels, psoriatic skin, unwanted hair, 

pigmented lesions, skin cancers and other lesions treated 
by laser surgery, phototherapy, photochemotherapy or 
photodynamic therapy. Additional radiation-based 
therapies, particularly those used in dermatology, are 

30 described in Honigsmann et al., Dermatology in General 
Medicines, 3rd edition, T.B. Fitzpatrick et al. (eds.) 
1728-1754 (1987), the contents of which are incorporated 
herein by reference. 

During therapy, the opening of the template or the 

35 transparent plate is placed over the area to be 
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irradiated. The therapy is then conducted according to 
standard procedures used in the optical and medical arts. 

Because the effective amount of radiation which 
exposes the skin is increased using the irradiation 
5 device, it may be necessary to decrease the amount of 
radiation used during therapy. Typically, the fluence of 
the radiation is between about 0.1 and 100 W/cm 2 . The 
spatial intensity profile of the radiation can be 
adjusted to vary the amount at radiation-induced heat 
10 delivered to the region of interest. Radiation spot 
diameters of between 10 microns and 1 cm are typically 
used. 

A laser is the preferred light source for optical 
radiation. The laser is chosen according to the desired 

15 optical wavelength. Preferred lasers include ion, dye, 
solid-state (e.g., Nd : YAG , NdrYLF, Ti:Sapphire) holmium, 
C0 2 , metal-vapor, excimer, and diode lasers. Other light 
sources, such as fluorescent bulbs, may also be used. 
The light source may be continuous-wave or pulsed. 

20 The irradiation device can also be used in non- 

medical applications to increase the gain of the incident 
radiation. For example, the device can be used with a 
laser to cut or process materials. The device may also 
be used to drive photochemical reactions in certain 

25 materials, such as light-sensitive films. 

Still other embodiments are within the scope of 
the following claims. 
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CLAIMS: 

1. A method for irradiating a material, said 
method comprising: 

exposing said material with radiation, the 
radiation, following said exposing, being partially re- 
5 emitted from the material, and 

re-exposing the material with the re-emitted 
radiation. 

2. The method of claim 1, wherein the re-emitted 
radiation is reflected, scattered, or reflected and 

10 scattered from the material. 

3. The method of claim 1, wherein the re-emitted 
radiation is reflected by a reflective device to re- 
expose the material. 

4. The method of claim 3, wherein the reflective 
15 device is a reflective housing positioned proximal to the 

material. 

5. The method of claim 4, wherein the reflective 
housing is comprised by an irradiating device placed 
proximal to the material prior to said exposing. 

20 6. The method of claim 4, wherein the reflective 

housing is substantially hemispherical in shape, and the 
material is positioned substantially near the center of 
the hemisphere. 

7. The method of claim 4, wherein the reflective 
25 housing is substantially elliptical in shape, and the 
material is positioned substantially near a focus of the 
ellipse. 



WO 97/13458 PCT/US96/16217 

- 25 - 

8. The method of claim 4, wherein the reflective 
housing is substantially cone-shaped and comprises a 
bottom opening, and the material is positioned near the 
bottom opening. 

5 9. The method of claim 4, wherein the reflective 

housing is an optically transparent plate comprising a 
reflective coating which is substantially transparent to 
normally incident radiation and substantially reflects 
radiation incident at an angle, and the material is 
10 positioned in contact with a surface of the transparent 
plate. 

10. The method of claim 4, wherein the reflective 
housing comprises a reflective coating for reflecting the 
re-emitted radiation. 

15 11. The method of claim 4, wherein said 

reflective housing comprises an array of grooves 
configured to reflect the re-emitted radiation. 

12. The method of claim 1, wherein the radiation 
is optical radiation. 

20 13. An irradiating device for delivering 

radiation to a material, comprising 

a reflective housing configured to receive 
radiation from a radiation delivery means, said housing 
comprising an opening or surface for placement over a 

25 material and a reflective component proximal to said 

opening or surface, said reflective housing being shaped 
to receive radiation re-emitted from the material and 
reflect the re-emitted radiation back onto the material. 
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14. The irradiating device of claim 13, wherein 
said reflective component is a reflective film. 

15. The irradiating device of claim 14, wherein 
said reflective film comprises a metallic or dielectric 

5 material. 

16. The irradiating device of claim 13, wherein 
said reflective component is an array of grooves formed 
in said reflective housing. 

17. The irradiating device of claim 13, wherein 
10 said reflective housing is substantially hemispherical in 

shape and said opening is positioned at a center of the 
hemisphere. 

18. The irradiating device of claim 13, wherein 
said reflective housing is substantially elliptical in 

15 shape and said opening is positioned at a foci of the 
ellipse. 

19. The irradiating device of claim 13, wherein 
said reflective housing is substantially spherical in 
shape and said opening is disposed on a surface of the 

20 sphere. 

20. The irradiating device of claim 13, wherein 
said reflective housing is substantially conical in shape 
and said opening is positioned at a base of the cone. 

21. The irradiating device of claim 13, wherein 
25 said radiation delivery means is a fiber optic waveguide 

or an articulated arm. 
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22. The irradiating device of claim 15, wherein 
said radiation source is a laser. 

23. An irradiating device for delivering 
radiation to a material, comprising 

5 an optically transparent plate comprising a 

reflective coating on a surface, said reflective coating 
being disposed on the plate to transmit normally incident 
radiation from a radiation delivery means, receive 
radiation re-emitted from a material, and reflect re- 
10 emitted radiation incident on the coating at an angle 
back onto the material. 

24. The irradiating device of claim 23, wherein 
the reflective coating comprises a dielectric material. 



25. The irradiating device of claim 24, wherein 
15 the reflective coating comprises multiple layers of 
dielectric materials. 
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DESCRIPTION 

RADIOTHERAPY APPARATUS FOR TREATING A PATIENT. 

This invention relates to radiotherapy apparatus for treating a patient. 

Figure 1 is a very schematic side view of one example of a known 
radiotherapy apparatus 100 which may, for example, be one of the range of SL 
series radiotherapy apparatus commercially available from Philips Medical 
Systems Radiotherapy, Crawley, England. As shown in Figure 1, the apparatus 
comprises a support 300 placed on a suitable surface G to which a gantry 310 
is mounted so as to be rotatable about a rotation axis R through substantially 
360 degrees or more. The gantry 310 supports an electron source 320, a 
linear accelerator 330 which accelerates the electrons to a suitable high energy 
which may be in the region of 4 to 25 MeV (mega electron volts) and may be 
selectable. A beam deflection system 340 is provided to deflect the electrons 
through an angle of about or greater than 90 degrees to a treatment head 400 
which includes a suitable target (not shown) onto which the electrons impinge 
to produce a beam X of high-energy X-rays directed along a treatment axis TB 
which is normal to the rotation axis R. The linear accelerator 330 and 
deflection system 340 are arranged to bring the electron beam to a focus F 
which effectively forms the source of the high energy radiation beam X. A 
patient 2 to be treated is supported on an independent patient support 500 
which is placed on the surface G and is arranged to be accurately movable in 
directions parallel and perpendicular to the treatment beam axis TB to enable 
the desired treatment or target area of the patient 2 to be located at the so- 
called isocentre I, that is the location at which the rotation axis R and the 
treatment beam axis TB intersect, to ensure that the target area receives 
maximum radiation while the exposure to the radiation of the surrounding 
healthy tissue is kept as low as possible. 

Recently, several techniques have been developed for radiotherapy 
treatment. One such technique, tomotherapy, involves a slice-by-slice 
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treatment of a treatment area of a patient. Each slice is treated by a single 
gantry rotation, and the beams produced during the gantry rotation are 
constrained into a fan. Each ray of the fan beam is intensity modulated and 
every 5°, for example, of gantry rotation the intensity pattern is altered. A 
tomotherapy system also houses a diagnostic computer tomography (CT) 
imaging unit to provide verification. 

The patient is stepped through the radiation field of the gantry, to enable 
the slice-by-slice treatment. Although this method enables an accurate dose 
distribution pattern to be developed, the indexing of the patient creates field 
matching problems, and the treatment time may be lengthy, since a complete 
gantry arc is required for the treatment of each slice. 

An alternative approach is to use a beam which covers substantially the 
entire area to be treated, (a "broad beam") and the shape of the beam is 
modulated in two dimensions. A single gantry rotation is sufficient to enable 
treatment of the entire area. A multi-leaf collimator, such as that produced by 
Philips Medical Systems-Radiotherapy and as described in EP-A-314 214 
provides this two dimensional modulation. The present invention is concerned 
with treatments using such two dimensional shape modulated beams. 

Although the apparatus of Figure 1 operates perfectly satisfactorily, it 
occupies a relatively large area of space and moreover may be difficult to 
install in some buildings because of the nature of the access to the intended 
location for the apparatus. This may especially be the case where the 
apparatus is intended to replace an earlier machine such as a cobalt 60 source 
apparatus which requires less space. 

It is an aim of the present invention to provide apparatus for treating a 
patient which may be more compact and so may be capable of being sited in 
smaller or more difficult access locations than previous apparatus. 

According to the present invention, there is provided apparatus for 
treating a patient by exposing a treatment area of the patient to radiation, the 
apparatus comprising: 

a support; 
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a hollow body having a central aperture which defines a passageway 
extending through the body, the hollow body being mounted to the support so 
as to be rotatable about a central axis of the hollow body; 

a radiotherapy source mounted to the hollow body so as to be rotatable 
with the hollow body and for projecting a radiotherapy beam within the 
passageway which crosses the central axis of the hollow body; 

a beam limiting device for controllably partially limiting the projected area 
of the beam; and 

a patient support for receiving the patient and which extends at least 
partly through the passageway and which is positioned such that an unlimited 
projection area of the beam substantially covers the treatment area of the 
patient. 

Apparatus in accordance with the present invention enables the patient 
support to be at least partly accommodated within the space around which the 
treatment device, namely the hollow body, is to be rotated, so reducing the 
overall size of the apparatus in comparison to earlier apparatus. 

The use of a hollow body to support the radiotherapy source (and other 
components) gives rise to a structurally stiff layout. The drum defined by the 
hollow body is strong and stable and will not easily deflect, improving 
mechanical accuracy and therefore treatment accuracy. 

The radiotherapy source may include a linear particle accelerator 
disposed within the hollow body which extends in a plane which lies 
substantially perpendicular to a longitudinal axis of the patient support. Thus, 
the length of the particle accelerator does not contribute to the overall width of 
the treatment device, as is common in the prior art where the particle 
accelerator is frequently located in the gantry arm. 

A beam deflecting means may be provided for deflecting the particle 
beam produced by the linear accelerator to a substantially radial direction with 
respect to the cylindrical passageway. Alternatively, the axis of the linear 
accelerator may intersect the central axis, avoiding the need for the beam 
deflecting means. 

Preferably, the patient support is coupled to the hollow body and 
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positioned at a location opposed to the radiotherapy source. 

In this way, the apparatus does not require a separate support for the 
patient support, thus reducing the complexity of the apparatus. 

Preferably, means is provided for allowing angular movement of the 
patient support about the rotation axis of the hollow body and for maintaining 
the patient support at a substantially constant attitude relative to a fixed 
reference plane. The angular movement of the patient support about the 
rotation axis coincides with the rotation of the hollow body so that the patient 
support is maintained at a constant distance from the radiotherapy source. 
This enables the patient support to be located at a lower position (for a certain 
angle of the hollow body) than would otherwise be possible because less 
clearance is required beneath the patient support to allow the passage of the 
treatment device during its rotation. This should facilitate the use of standard 
height patient trolleys for transferring bed ridden patients to the patient support 
so making this transferral process easier for the medical staff involved. 

In order to maintain the patient support at a substantially constant 
attitude, the patient support is permitted to rotate about a lengthwise axis as 
the patient support moves angularly about the rotation axis of the hollow body. 
This means that the isocentre is defined by the intersection of the rotation axis 
of the patient support and the axis of projection of the beam. 

The coupling of the patient support to the hollow body is preferably 
arranged to allow translational movement of the patient support with respect to 
the body in one or more directions parallel to or perpendicular to an axis of 
projection of the beam. This enables accurate positioning of the target 
treatment area at the isocentre. 

The apparatus may further comprise an imaging radiation source which 
is also mounted to the hollow body, and a radiation detection device mounted 
to the hollow body at a location which is opposite to the imaging radiation 
source. In this way, the apparatus may carry out the image scanning 
procedure as well as the treatment procedure, and this may preferably be 
carried out in a single continuous operation. Preferably, the radiotherapy 
source is supplied by a megaelectron volt source whereas the imaging source 
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is supplied by a kiloelectron volt source. The apparatus may also include a 
beam stop positioned opposite the treatment source, and/or a MeV imaging 
head which can provide verification of the treatment administered by the MeV 
treatment head during treatment. 

The hollow body may comprise an inner portion within which is defined 
the passageway, and an outer portion, the inner and outer portions being 
rotatable with respect to each other, the radiotherapy source being mounted on 
the outer portion of the hollow body, and the beam limiting device being 
mounted on the inner portion of the hollow body. 

In this way, the beam limiting device can be rotated from a treatment 
position during which it is aligned with the radiotherapy source. This will 
facilitate servicing of radiotherapy source. 

Preferably, an imaging source is mounted on the outer portion of the 
hollow body at a position displaced from the radiotherapy source, the relative 
rotation between the two hollow body portions enabling the radiotherapy source 
or the imaging source to be aligned with the beam limiting device. In this way, 
imaging can be carried through the same beam limiting device as will be used 
for the treatment, so that accurate simulation of the treatment can be carried 
out. 

The imaging source may comprise a light source, if insufficient funds are 
available for electronic imaging, but preferably the imaging source comprises 
an X-ray source, and the apparatus further comprises an X-ray image detecting 
device mounted on the inner portion of the hollow body, opposite to the beam 
limiting device. 

The X-ray image detecting device may be slidably received by the inner 
portion of the hollow body so as to be slidable between a first position opposite 
to the beam limiting device and a second position displaced from the first 
position, the angle of displacement between the two positions corresponding 
to the angle of displacement between the imaging source and the radiotherapy 
source. In this way, the imaging detecting device may be positioned opposite 
the image source either with or without the beam limiting device interposed 
between the two. Thus, localisation of the treatment area can be carried out 
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without the restriction of the beam limiting device, but beam limiting device may 
be used for image detection during simulation, and for verification during the 
treatment procedure. 

As explained above, the apparatus of the invention is for treatment using 
a so-called "broad beam". One proposed radiotherapy treatment technique 
which uses two dimensional modulation of the beam shape involves delivering 
beams from a limited number, for example 5 to 7, of directions around the arc 
swept by the gantry. At each of these positions, the two dimensional shape of 
the delivered beam is modulated, for example using a multi-leaf collimator . 
Furthermore, the intensity of each elemental ray within the beam may also be 
modulated. This intensity modulation may be performed by altering a duty 
cycle of the leaves of the multi-leaf collimator. This technique uses a reduced 
number of treatment positions, and it is therefore necessary to optimise the 
dose distribution at each of these positions. As a result, it may be desirable to 
alter the angle of the patient support between treatment beams, so that each 
beam delivers an optimum treatment. Thus, oblique beam entry angles may 
be employed. It may alternatively be desirable to carry out the entire treatment 
with an oblique angle of the patient support. The apparatus according to the 
invention may be adapted to allow pivoting of the patient support with respect 
to the hollow body to permit such oblique entry angles. However, by virtue of 
the enclosed nature of the treatment volume within the passageway of the 
hollow body, the apparatus according to the invention is not ideally suited to 
patient manipulation during the treatment process. 

The apparatus according to the invention is particularly suited to a 
treatment technique which is currently being developed by the applicant, in 
which a beam is produced at a large number of positions around a gantry arc 
of rotation (for example every 5° ) with a fixed intensity beam being applied for 
the entire gantry arc. A number of gantry rotations are required to build up a 
complex intensity pattern. 

Thus, the apparatus preferably comprises controlling means for providing 
a first beam of a first fixed intensity and controlling the beam limiting device to 
selectively limit the projection area of the beam at a variety of positions of the 
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hollow body during a first rotation of the hollow body, and for providing a 
second beam of a second fixed intensity and controlling the beam limiting 
device to selectively limit the projection area of the second beam at a plurality 
of positions of the hollow body during a second rotation of the hollow body. 

The controlling means may therefore continuously alter the shape of the 
fixed intensity beam during a rotation of the gantry (namely the hollow body) 
and in this way the change in patient set up between beams is not appropriate. 
The controlling means preferably comprises a computer system, as is known 
for controlling a multi leaf collimator. 

The number of hollow body rotations that will be required will depend on 
the complexity of the intensity pattern which is desired to be implemented and 
this will depend partly upon the number of intensity peaks which are desired to 
be delivered. 

The continuous nature of this treatment technique eliminates the need 
to provide for oblique entry angles so that access to the patient is not required 
during the treatment procedure. As a result, the apparatus of the invention may 
be particularly suited to the provision of such a treatment technique. 

The invention also provides a method of operating the apparatus 
according to the invention so as to enable the above described treatment 
technique to be implemented. 

As used herein, the term "projection area" should be interpreted as 
meaning the shape of the beam, in a plane perpendicular to the direction of 
projection of the beam, which has been transmitted through the beam limiting 
device. 

The term "beam" should be understood to include not only the direction 
of continuous beams of particles or radiation, but also the direction of pulsed 
or discontinuous sequences of particles or radiation at a target area. 

Finally, the term "attitude" means the angular orientation of the patient 
support about its lengthwise axis relative to the fixed reference plane. 

Embodiments of the present invention will now be described, by way of 
example, with reference to the accompanying drawings, in which: 
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Figure 1 shows a very schematic side view of a conventional 
radiotherapy apparatus; 

Figure 2 shows a very schematic perspective view of one example of 
radiotherapy apparatus in accordance with the invention; 

Figure 3 shows a very schematic perspective view of the internal 
components of the apparatus shown in Figure 2. 

Figure 4 shows a very schematic cut-away and part-sectional side view 
of part of the apparatus shown in Figure 2; 

Figure 5 shows a diagrammatic cut-away schematic side view of a 
portion of the apparatus shown in Figure 2 for illustrating one possible way of 
controlling angular movement of the patient support; 

Figure 6 shows a diagrammatic cut-away schematic side view of a 
portion of the apparatus shown in Figure 2 for illustrating another possible way 
of controlling angular movement of the patient support; and 

Figures 7 to 9 are diagrammatic sketches for illustrating the operation 

of the apparatus shown in Figure 2. 

Figure 10 shows a second example of radiotherapy apparatus in 
accordance with the invention, during an imaging mode of operation; 

Figure 11 shows the radiotherapy apparatus of Figure 10, during a 
simulation mode of operation; 

Figure 12 shows the radiotherapy apparatus of Figure 10, during a 
treatment mode of operation; and 

Figure 13 is a diagram explaining the preferred treatment technique. 

It should of course be understood that the drawings are not to scale and 
that like reference numerals are used throughout the text to refer to like parts. 

Referring now to Figures 2 to 8 of the drawings, there is illustrated 
apparatus 1 for treating a patient 2, which apparatus comprises a support 3 t 
which notably supports a hollow body in the form of a drum 50 having a 
cylindrical inner surface 50a defining a passageway. Of course, the 
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passageway need not have a cylindrical inner surface, but can have any shape 
in which the patient support can be positioned. A treatment source 4 is 
mounted to the cylindrical surface 50a so that the treatment source 4 is 
rotatable about a rotation axis R displaced from the treatment source 4 and 
provides a treatment beam X having a treatment beam axis TB extending from 
the treatment device 4 through the rotation axis R. A patient support 6 for 
receiving a patient 2 is positioned so as to locate a target treatment area of the 
patient 2 on the treatment beam axis TB. 

Apparatus 1 in accordance with the present invention enables the patient 
support 6 to be at least partly accommodated within the space around which 
the treatment device 4 is to be rotated, so reducing the overall size of the 
apparatus in comparison to earlier apparatus. The patient support 6 may be 
coupled to the inner cylindrical surface 50a of the drum 50, or to the support 
3. In either case, the apparatus does not require a separate support for the 
patient support 6. 

If, as is preferred, the patient support 6 is coupled to the inner surface 
50a of the hollow body, the coupling is such as to maintain the patient support 
6 at a substantially constant attitude with respect to a fixed reference plane. 
This coupling allows the patient support to be displaced from the rotation axis, 
and as a result, the overall diameter of the apparatus may be reduced, and this 
may, in the case of a linear accelerator (LINAC) radiotherapy apparatus, allow 
a straight through system to be used without increasing the size of the 
apparatus. A straight through system removes the need for a beam deflection 
system. 

Figures 2 and 3 are diagrammatic perspective views of one example of 
apparatus 1 in accordance with the invention. Figure 4 shows a corresponding 
side view in which the support 3 and drum 50 have been shown cut-away to 
enable a clearer understanding of one possible construction. 

In this example, the support 3 comprises a generally hollow cylindrical 
housing 3a having integral supporting members 3b which support the housing 
3a on a surface, normally a suitably reinforced, generally ground or basement, 
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floor of a building. In this example, a surface also forms the fixed reference 
plane G. The drum 50 is mounted using a conventional bearing arrangement 
(not shown) within the housing 3a and a drive arrangement (not shown) is 
provided for allowing the drum 50 to be rotated about its axis. The bearing and 
drive arrangements may be similar to those used in conventional radiotherapy 
apparatus, such as the SL series manufactured by Philips Medical 
Systems-Radiotherapy at Crawley, England. The drive arrangement may be a 
friction drive arrangement or a geared arrangement as will be briefly described 
below with reference to Figures 5 and 6. 

The treatment source 4 is in this example a radiotherapy source 
comprising a high energy electron source 4a, associated LINAC 4b and 
treatment head 4 for producing a high energy X-ray beam X in a manner similar 
to that described above in relation to Figure 1. As shown schematically in 
Figure 3, the longitudinal axis of the LINAC 4b lies in a plane which is 
perpendicular to the longitudinal axis of the patient support 6. As a result, the 
overall width of the apparatus is kept to a minimum, and there is no need to 
provide extending gantry arms which have conventionally housed the required 
LINAC. As seen in Figure 3, the LINAC 4b is positioned within the hollow body 
and lies in a plane substantially perpendicular to the length of the patient 
support. In this way, the LINAC does not contribute to the overall width of the 
apparatus. The LINAC also extends in a tangential direction, so that the 
diameter of the hollow body can be kept to a minimum. A beam deflection unit 
4c is provided to direct the beam into a radially inward path towards the 
treatment head 4. 

The treatment source 4 includes a beam limiting device, in the form of 
a multi-leaf collimator for example as described in EP-A-314214. The multi-leaf 
collimator is capable of controlling the dose delivered to each elemental ray of 
the beam by controlling movement of the leaves. In this way, it is possible to 
create a two dimensional intensity pattern. The elemental rays typically have 
1cm x 1cm dimensions, the entire beam covering an area of 20cm x 20cm. 
This beam area is generally sufficiently large to cover the treatment area of the 
patient. 



WO 97/13552 



PCT/BB96/01046 



11 

Alternatively, the construction of the apparatus 1 may allow for the use 
of a shorter LINAC which can be provide straight through feed, removing the 
need for a beam deflection system 4c. In this case, the LINAC 4b is aligned 
with the treatment source 4. 

The treatment source 4 is mounted using suitable conventional 
radiotherapy mounting techniques to the inner surface 50a of the drum 50 so 
that the housing 5 of the treatment source 4 is fixed in relation to the inner 
surface 50a of the drum 50. The treatment source 4 itself may of course be 
rotatably mounted within its housing 5 in known manner. The mounting is 
arranged to enable a treatment beam X to be directed normally of the rotation 
axis R so that the treatment beam axis TB intersects the rotation axis R. 

The patient support 6 may be fixed with respect to the housing 3a, 
although with flexibility to position the support so that the treatment area of the 
patient coincides with the isocentre I. Thus, no alignment of the patient support 
is required at installation of the apparatus. 

However, the patient support 6 is preferably mounted to the inner 
surface 50a of the drum 50 and is arranged so as to be diametrically opposed 
to the treatment source 4. As illustrated very schematically in Figure 4, the 
patient support 6 is mounted to the inner surface of the drum 50 by means of 
a support member 8 which has one end 8a coupled to the inner surface 50a 
of the drum 50 and the other end coupled to a connection member 60 of the 
patient support 6 so as to enable the patient support 6 to rotate about a further 
rotation axis RF which is parallel to the rotation axis R. Rotation about the 
axis RF is required so that the patient support can maintain a constant attitude. 
Generally, although not evident from Figure 2 or Figure 3, the support member 
8 will allow for translational movement of the patient support parallel and 
perpendicular to the treatment beam axis TB. The further rotation axis RF 
defines with the treatment beam axis TB the isocentre I at which the target area 
of the patient is to be located. The patient support 6 could be arranged to 
rotate about an axis coincident with the rotation axis R of the drum but, as will 
be evident from the discussion below with reference to Figures 6 to 8, the 
displacement of the further axis RF from the rotation axis R in a direction away 
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from the treatment source 4 enables a more compact arrangement because a 
smaller clearance is required between the patient support 6 and the inner 
surface 50a of the drum 50 when the further axis RF is so displaced from the 
rotation axis. 

If the further axis RF is made to coincide with the rotation axis R, then 
the patient support 6 will remain stationary in the centre of the cylindrical 
opening 50a. Such an arrangement is mechanically equivalent to an 
arrangement in which the patient support 6 is fixed to the housing 3a. This 
equivalence may be obtained by adjusting the position of the patient support 
6, in the manner described in the following. 

When the patient support is mounted to the drum 50 opposite to the 
treatment source 4, it provides a counter balancing weight to that of the 
treatment source, for all positions of the drum This produces a stable 
structure. The location of the isocentre within the cylindrical passageway of 
the drum 50 also gives rise to a stable arrangement. 

In addition, it may be desirable to position a beam stop opposite the 
treatment source. In conventional systems, although a beam stop may be 
desirable, it usually compromises the mechanical stability of the apparatus, 
since it requires a further gantry arm positioned opposite the treatment source 
gantry arm. In the apparatus according to the invention, the design of a beam 
stop may in fact result in more effective balancing of the apparatus. 
Alternatively or additionally, a MeV imaging source may be provided opposite 
to the treatment head, so as to provide treatment verification. This may also 
improve the balance of the apparatus. 

The drum 50, support member 8 and associated couplings result in the 
patient support 6 being coupled to the treatment source 4 and may allow the 
position of the patient support 6 to be adjusted along the direction of the 
treatment beam axis TB and along the direction of the further rotation axis RF 
(and possibly also along a direction perpendicular to the treatment beam axis 
TB and the further rotation axis RF) to facilitate accurate positioning of the 
target area 2a at the isocentre I. 

As indicated in Figures 2 and 4, the support member 8 is provided at 
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one end (as shown the "head" end) 6a of the patient support 6. Although, a 
single support member 8 should generally be sufficient, if considered desirable, 
as illustrated very schematically in Figure 4, a further support member 8' and 
associated connection member 60' may be provided at the other end (the 
"foot" end as shown) 6b of the patient support 6. Such a supplementary support 
member 8' would of course be constructed so as to cooperate with the support 
member 8 and be arranged to follow the movements of the support member 8. 
The support member or members may, of course, be positioned at any 
convenient location and could in some circumstances be movable relative to 
the inner surface 50a of the drum 50. 

As the patient support 6 is coupled to the drum 50, it moves angularly 
about the rotation axis R. Rotation of the support 6 about the axis RF is 
designed to ensure that a constant attitude of the patient support 6 is 
maintained, as previously mentioned. 

Any suitable arrangement may be used to enable the patient support 6 
to be maintained at this substantially constant attitude, in this example parallel, 
with respect to the fixed reference plane G. In this example, the fixed 
reference plane G happens to coincide with the support surface upon which the 
apparatus is mounted. 

One way of enabling the patient support 6 to be maintained at a 
substantially constant attitude is the use of a suitable gearing arrangement to 
control the angular movement of the patient support 6 in accordance with the 
rotation of the drum 50. Figure 5 illustrates one possible gearing arrangement 
by way of a very schematic view of the appropriate part of the apparatus with 
the support member 8, the drum 50 and the housing 3a shown cut-away to 
enable the internal components to be seen. 

In the example illustrated in Figure 5, a drive wheel 1 1 is fixed against 
rotation to the output or drive shaft 12 of a motor 13 mounted to an interior 
wall or support 30 of the housing 3a. The drive wheel 1 1 meshes with a gear 
wheel or other suitable toothed surface 14 which circumscribes the interior 
50a' of the inner surface 50a of the drum 50 so that operation of the motor 13 
causes the drum 50 to rotate about the rotation axis R. 
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A first shaft 15 extends through the inner surface 50a of the drum 50 
and is mounted by way of a suitable bearing or journal (not shown) so as to be 
capable of rotation about its longitudinal axis 15a. A lower end 15b of the first 
shaft 15 carries a gear wheel 16 which is fixed against rotation with respect to 
the first shaft 15. The gear wheel 16 meshes with a toothed surface or wheel 
17 fixed to and circumscribing an interior cylindrical surface 31 of the housing 
3a which is coaxial with the drum 50. 

The other end 1 5c of the first shaft 1 5 carries a first bevel gear 1 8 which 
meshes with a second bevel gear 19 provided on one end 20a of a second 
shaft 20. The other end 20c of the second shaft 20 carries a third bevel gear 
21 which meshes with a fourth bevel gear 22 carried by one end 23a of a third 
shaft 23. The other end 23b of the third shaft 23 carries a fifth bevel gear 24 
which meshes with a sixth bevel gear 25 carried by one end 26a of a fourth 
shaft 26. The shaft 26 extends through and is rotatably journalled to the 
housing 80 of the support member 8. The other end 26b of the shaft 26 is 
fixed to the connection member 60 so that the axis 26c of the shaft 26 
coincides with the further rotation axis RF. 

Translational movement of the patient support 6 parallel or perpendicular 
to the treatment beam axis TB to allow the desired target area 2a to be 
precisely located at the isocentre I may be achieved by making the first and 
second shafts 15 and 20 telescopic as illustrated very schematically in Figure 
4 so that each shaft consists of two or more shaft members 15' and 15" and 
20' and 20" and using an appropriate drive system such as the pneumatic or 
hydraulic arrangements commonly used in conventional LINAC radiotherapy 
apparatus or a worm gear train drive arrangement to effect relative movement 
of the telescoping shaft members. 

In such a case, the associated shaft members 15' and 15" and 20' and 
20" would of course be secured against relative rotation about their longitudinal 
axis by any suitable means. Thus, for example, the shaft members 15' and 
15" and 20' and 20" may be of non-circular cross-section so as to allow only 
relative longitudinal movement and not relative radial movement or may be 
provided with corresponding longitudinally extending tongues and grooves 
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which engage to prevent relative radial motion but allow relative longitudinal 
movement of the respective shaft members 15' and 15" and 20' and 20". 

Such an arrangement allows for the height or position of the patient 
support 6 along the treatment beam axis TB to be adjusted and also allows for 
movement of the patient support 6 along the rotation axis R to position the 
correct target area 2a within the path of the beam X and at the isocentre I. 

To adjust the further rotation axis and thus the isocentre I relative to the 
patient support 6 to compensate for different sizes or bulks of patients 2, the 
further rotation axis RF may be made movable with respect to the surface 61 
of the patient support 6 by, for example, forming the connection member 60 
as two or more telescopic members 60a and 60b, as illustrated schematically 
in Figure 4, which, in a manner similar to the shaft members 15' and 15" and 
20' and 20", allow relative longitudinal but not relative rotational movement, and 
by using an appropriate drive arrangement as discussed above. 

The housing 80 of the support member 8 is formed of correspondingly 
telescoped housing parts 80a, 80b and 80c to accommodate telescopic 
movement of the shaft members 15' and 15" and 20' and 20". As will be 
appreciated, the shaft 23 should be of sufficient length to provide clearance for 
rotation of the patient support 6. 

With such an arrangement, operation of the drive arrangements for the 
telescopic shafts 15' and 15" and 20' and 20" (and 60a and 60b, if present) 
allows the desired target area 2a of the patient 2 to be located precisely at the 
isocentre I. Operation of the motor 13 causes the drum 50 to rotate about the 
rotation axis R. This rotation results, by way of the combination of gear wheels 
16 and 17, in the rotation about its longitudinal axis 15a of the first shaft 15 so 
causing, by virtue of the meshing of the bevel gears 18 and 19, the second 
shaft 20 to rotate about its axis 20b which, by virtue of the meshing of the bevel 
gears 21 and 22, causes the third shaft 23 to rotate about its axis 23c which 
in turn, by virtue of the meshing of the bevel gears 24 and 25, causes the 
fourth shaft 26 to rotate about its axis 26c, so causing the patient support 6 to 
rotate about the further rotation axis RF and thus to effect angular movement 
about the rotation axis R. With the appropriate gear ratios, which may 
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generally be 1:1, the gearing arrangement causes the patient support 6 to 
maintain a constant, in this case a horizontal, attitude with respect to the fixed 
reference plane G. Such an arrangement allows control over the rotation of 
the patient support 6 and allows, if desired, the constant attitude to be other 
than horizontal. 

Where, as mentioned above in relation to Figure 2, a supplementary 
support member 8' is provided, the construction and coupling of that support 
member 8' may be similar to those of the main support member 8 and 
operation of the telescoping arrangements will of course be controlled so as to 
maintain the constant attitude of the patient support 6. Of course, the rotational 
coupling between the supplementary support member 8' and the supplementary 
connection member 60' may be simply a pivot pin 9 (as shown in phantom lines 
in Figure 4) which allows the coupling to follow the driven rotation at the other 
end 6a of the patient support 6. 

Although not shown, another possible gearing arrangement would be to 
mount the patient support 6 within a large gear wheel having its axis of rotation 
coincident with the further rotation axis RF and using an appropriate gear train 
drive gear to rotate the gear wheel. The gear wheel need not necessarily form 
a complete circle but need only be segment of a circle of sufficient extent to 
allow the required degree of rotation of the patient support 6 about the further 
rotation axis RF. Such a gear wheel could be displaced from the line of sight 
of the treatment source 4. In such a case, the patient support 6 may be 
mounted to the gear wheel so as to be slidable in a direction parallel to the axis 
of rotation RF and the gear wheel itself may be arranged, in a manner similar 
to that described above, so as to be movable in a direction parallel to the 
treatment beam axis TB to able accurate positioning of the target area 2a at 
the isocentre I. 

Figure 6 shows a view similar to Figure 5 of an alternative arrangement 
for enabling the patient support 6 to be maintained at a substantially constant 
attitude. This arrangement differs from that described above in relation to 
Figure 4 in that the gear trains are dispensed with and rotation of the patient 
support 6 is controlled by a separate motor 27 mounted to a shaft 28. In order 
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to allow translational movement of the patient support 6, the shaft 28, which is 
generally U-shaped, forms a first telescopic arrangement with a further 
generally U-shaped shaft 29 which itself forms a second telescopic 
arrangement with another shaft 30 having its other end mounted to the housing 
80 or the surface 50a. The telescopic arrangements are controlled as 
discussed above with reference to Figure 4 and operation of the motor 21 is 
controlled electronically in accordance with the operation of the motor 13 by 
appropriate controls 31 coupled between the motors 13 and 27. 

As can be seen from the Figures, the arrangement of Figure 6 operates 
in a similar manner to that shown in Figure 5 except that the function of the 
gear train is performed by the motor 27 which is a servo-following motor driven 
in response to the motor 13. This avoids the need for gear trains which are 
subject to wear and also, potentially, backlash and facilitates the use of 
computer control of the apparatus 1 which should enable greater precision. 

As another possibility, the patient support 6 may be made sufficiently 
heavy to cause it to rotate about the further axis RF to maintain a horizontal 
attitude simply under the influence of gravity. In such a case, the motor drive 
shown in Figure 5 may simply be omitted so that the shaft 28 provides a pivot 
pin to which the connection member is journalled to allow the patient support 
6 to rotate about the further axis RF under the influence of gravity. Suitable 
damping may be provided by, for example, friction, hydraulic or pneumatic 
means. Such an arrangement is relatively cheap and simple to manufacture. 

Figures 7 to 9 are schematic diagrams for illustrating the operation of 
the apparatus 1 described above as the treatment source 4 rotates. 

Figure 7 shows the apparatus 1 in a starting condition with the treatment 
source 4 above the patient support 6. In this example, the radial distance A 
from the inner surface of the drum to the isocentre I is taken to be 80 cm 
(centimetres) while the isocentric distance l d from the isocentre I to the X-ray 
target indicated as F in Figures 6 to 8 is 100 cm and the height of the LINAC 
(or the beam deflection system where a straight through LINAC is not used) is 
40 cm in total with 20 cm of that total being outside the drum 50 in the spacing 
provided by the housing (not shown). The clearance of the drum 50 above the 
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fixed reference plane G is 20 cm. 

Figure 8 illustrates the situation when the treatment source 4 has rotated 
90 degrees clockwise from the position shown in Figure 7 while Figure 9 
illustrates the situation when the treatment source 4 has rotated 90 degrees 
clockwise from the position shown in Figure 8 As can be seen from these 
Figures, the pivotal coupling between the support member 8 and the patient 
support 6 and any associated drive arrangement cause the patient support 6 
to maintain a constant attitude despite the rotation of the drum 50. Thus, in the 
example shown, the patient support 6 remains horizontal and is thus 
substantially parallel to the support surface which also forms the fixed reference 
plane G in this case with, of course, the patient 2 uppermost. 

Also, as can clearly be seen from Figures 7 to 9, the fact that the 
isocentre I does not need to be coincident with the axis of rotation R means 
that the patient support 6 and the isocentre I are further from the support 
surface G in the position shown in Figure 8 than in the position shown on 
Figure 6 so facilitating passage of the treatment source 4 beneath the patient 
support 6. Thus, this apparatus requires less clearance between the drum 50 
and the supporting floor G than is required between the floor and gantry of 
conventional radiotherapy apparatus. This allows the patient support 6 to be 
located at a lower position than would otherwise be possible and thus should 
facilitate the use of standard height patient trolleys for transferring bedridden 
patients to the patient support 6 so making this transferral process easier for 
the medical staff involved. 

Systems have been provided in which a channel is set into the floor so 
that the rotating gantry arm can pass beneath floor level. This allows the 
apparatus to be positioned lower down, so facilitating access to the patient and 
the use of patient trolleys. However, when manipulation of the patient is 
desired, the channel may provide a hazard to the operator. As discussed 
above, the apparatus of the invention, when incorporating a patient support 
which is displaced from the rotation axis, allows the patient support to be 
positioned lower down, for some angles of rotation of the hollow body. In 
addition, it may be possible to use the reduction in the diameter of the drum to 



WO 97/13552 



PCT/IB96/01046 



19 

enable a straight through LINAC to be used. This may increase the diameter 
of the drum, and it may therefore still be desirable to set the apparatus in a 
channel in the floor. As a result of the enclosed nature of the apparatus of the 
invention, the channel in the floor will not be exposed to the operating staff, 
since there are no gantry arms. Thus, any hazards or inconvenience normally 
associated with such an arrangement are avoided. 

The space between the drum 50 and the housing 3a may be used to 
accommodate control equipment of the apparatus so allowing fora very 
compact arrangement. 

As described above, the patient support 6 may remain stationary within 
the passageway defined by the cylindrical wall 50a. This may be achieved 
either by fixing the support 6 to the housing 3a, or, when the support is fixed 
to the inner surface 50a of the drum 50 as described above, by suitable 
positioning of the patient support 6. This may be desired if an imaging 
arrangement is also provided on the inner surface 50a of the drum 50. 

Such an arrangement is known in the art and comprises a KeV imaging 
source 50 which in the apparatus of the invention is located at one point around 
the drum, and an image sensor SE located diametrically opposite the imaging 
source. 

The imaging source SO and sensor SE could be provided at 90° to the 
treatment source 4, again balancing the rotating drum 50, as shown in phantom 
lines in Figure 7. In such a case, it is essential for the patient support to 
remain stationery at the rotation axis R during the image sensing procedure. 
As described above, this may be achieved by appropriate positioning of the 
patient support 6. 

A system may be desired in which simultaneous imaging and treatment 
are provided, preferably with verification by having a MeV imager opposite the 
treatment head. In this case, it is preferred that the patient is permanently 
located on the rotation axis. 

Generally, the attitude of the patient support should remain constant with 
respect to a plane G extending at a given angle, generally perpendicularly, to 
the treatment beam axis TB and thus the fixed reference plane should really 
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be considered to be fixed with reference to the treatment beam axis TB. 
However, as indicated above, in most cases the fixed reference plane will be 
the horizontal and will be generally parallel to the plane of the support surface 
on which the apparatus is stood and so that support surface can be considered 
to be the fixed reference plane. 

Although in the above-described examples, the treatment source 4 
comprises a high energy X-ray radiation source for directing a beam X of 
radiation at the target area 2a of the patient 2, the present invention may be 
applied to apparatus using gamma radiation or particle radiation. Also, of 
course, the treatment beam need not necessarily be continuous but could be 
pulsed or discontinuous. 

A second example of radiotherapy system according to the invention is 
shown in Figures 10 to 12. The same reference numerals are used for 
components in common with the first embodiment. The hollow body 50 and 
mounted components only are shown, but the hollow body 50 is to be rotatably 
mounted to a support as in the first embodiment, and a patient support 6 is 
also provided. The apparatus of the second embodiment is particularly for 
providing tumour localisation as well as treatment, and therefore, as discussed 
above, the patient support 6 is preferably stationary on the rotation axis R of 
the hollow body 50. This is most easily achieved by fixing the patient support 
6 to the support of the hollow body. Again, the patient support 6 may have 
some freedom to rotate about a vertical axis, to allow oblique treatment angles. 
Of course, it is possible to provide coupling of the patient support to the hollow 
body as described in relation to the previous example, if desired. 

Once more, the hollow body 50 is in the form of a drum having an inner 
surface 50a defining a passageway. The passageway may have a cylindrical 
inner surface, but can have any shape in which the patient support 6 can be 
positioned. The treatment source 4 is mounted to the drum so that the 
treatment source 4 is rotatable about a rotation axis R displaced from the 
treatment source 4 and provides a treatment beam X having a treatment beam 
axis TB extending from the treatment device 4 through the rotation axis R. The 
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patient support 6 for receiving a patient 2 is positioned so as to locate a target 
treatment area of the patient 2 on the treatment beam axis TB. 

The second embodiment provides a modular arrangement of 
components of the radiotherapy system, so that the system can be tailored to 
the expertise or finances of a particular user. For example, the finances 
available to some countries may prohibit the use of a sophisticated Computer 
Tomography scanning system, or the use of a treatment device using 
expensive multi-leaf collimators and the associated control systems. 

Radiotherapy systems do exist which provide less advanced treatment 
programs than those possible using advanced computer tomography generated 
images and multileaf collimator generated beam shapes. However, even these 
systems include a separate localising apparatus and treatment apparatus. 
Thus, a localising apparatus is provided for localising a treatment area of a 
patient, namely the area to be irradiated, by using a KeV radiation source and 
imaging device. This may involve providing an imaging beam at, for example, 
two or four positions around the patient. This then enables the desired 
treatment beam shape to be determined for those angles. The localising 
apparatus also enables simulation to be carried out, which involves adjusting 
a collimator to provide a beam limiting function which generates the desired 
treatment beam shape. In order to verify the beam shape produced by the 
collimator, a light source may be provided so that visible adjustment of the 
collimator can take place. 

The collimator used is generally a device which enables only a 
rectangular beam limiting function to be achieved. The use of a multileaf 
collimator for the treatment, which is a more expensive apparatus and 
necessitates expensive control algorithms and more experienced operators, 
may not be financially possible. 

In a more advanced system where the treatment is to involve the use of 
a multileaf collimator, the collimator used for simulation with the KeV imaging 
source will not be of the same type as that used for the treatment, and a 
multileaf collimator is generally not used for treatment simulation at all. 
Furthermore, a MeV treatment collimator requires leaves of significant depth to 
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absorb the high energy radiation which is to be blocked, which leads to a very 
heavy treatment collimator with accordingly powerful control systems. Since 
this high level of radiation absorption is not required by the collimator used for 
simulation of the collimator settings, a different, less expensive, beam limiting 
device is used for simulation. 

Having determined the collimator positions for the different treatment 
beams, a separate treatment apparatus, having a MeV radiotherapy source, is 
used for the radiotherapy treatment. 

The apparatus of the first embodiment of the invention enables the 
imaging arrangement to be provided in the same apparatus as the treatment 
head, so providing the possibility of sequential scanning and treatment, without 
repositioning the patient. The apparatus of the second embodiment has further 
benefits, particularly relating to simulation and verification of the treatment, as 
will be explained in the following description of the specific features of the 
second embodiment. 

As shown in Figure 12, the hollow body 50 comprises an inner portion 
501 and an outer portion 502, the two portions being rotatable with respect to 
each other by appropriate mechanical interconnection. The collimator 4d 
(beam limiting device) is provided on the inner portion 501 of the hollow body, 
and an image detection device 100 is provided opposite to the collimator. The 
image detection device 100 may comprise a light sensing array which has a 
surface which converts the incident X-Ray or other radiation into light for 
detection by the light sensing array. 

A beam stop 102 is also provided on the inner portion 501 in order to act 
as a counterbalance for the collimator 4d. Although the image detection device 
100 is located opposite to the collimator 4d, it has a much lower weight than 
that of the collimator, and an additional counterbalancing weight is therefore 
preferred. 

The outer portion 502 of the hollow body houses the radiotherapy source 
4a,4b, which may be a 6MeV X-ray radiation source. This may be a straight 
through X-ray source 4a and LINAC 4b (as represented in Figures 10 to 12), 
but it may comprise an arrangement similar to that shown in Figure 3 including 
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a beam deflection unit. Again, a beam stop 104 is provided opposite to the 
MeV source to act as a counterbalancing weight to balance the outer portion 
502 of the hollow body 50. 

A KeV imaging radiation source SO is also mounted to the outer portion 
502 of the hollow body, preferably adjacent the treatment source 4a, 4b. Since 
the outer portion 502 can rotate relatively to the inner portion 501 of the hollow 
body, either the treatment source 4a, 4b or the imaging source SO can be 
aligned with the collimator 4d. Furthermore, the imaging device 100 is 
preferably mounted on bearings 106 (only represented schematically) so as to 
allow movement of the imaging device 100 relatively to the inner portion 501 
of the hollow body 50, so that movement is possible between a first position 
(Figure 12) in which the imaging device 100 is opposite the collimator 4d, and 
a second position (Figure 10) in which the imaging device 100 is offset from the 
first position. Alternatively, the image detecting device 100 may be mounted 
on its own drum arrangement rotatable relatively to the inner portion 501. 

The operation of the device shown in Figures 10 to 12 will now be 
described. Figure 10 shows the device in an initial imaging mode of operation. 
The imaging device 100 is offset from the position opposite the collimator 4d, 
so that an image scanning operation may be carried out using an imaging 
beam IB which is not obstructed by the collimator 4d. Both portions of the 
hollow body 501, 502 may be rotated together in order to obtain images from 
a number of positions around the patient. The imaging source is preferably 
displaced from the treatment head 4a,4b around the outer portion 502 only by 
an angle sufficient to ensure that the collimator 4d does not obstruct the path 
of the imaging beam IB during the imaging shown in Figure 10. By reducing 
the displacement of the two components to a minimum, the relative movement 
between the inner and outer portions 501,502 of the drum is kept to a 
minimum. 

Based on the detected images, the collimator settings for treatment from 
the selected positions around the patient 2 may be evaluated. In Figure 1 1 , the 
imaging device 100 has been returned to the position opposite the collimator 
4d. In addition, the outer portion of the hollow body has been rotated so that 
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the KeV imaging source SO is now aligned with the collimator 4d. This 
enables verification of the collimator settings using the image sensing device 
(rather than by visual inspection). A verification beam VB is therefore 
transmitted through the collimator 4d. The collimator positions can be 
accurately verified as corresponding to the desired treatment. It is possible to 
omit the provision of movement of the image detection device 100 relatively to 
the inner portion 501 of the hollow body, if desired. For example, the image 
scanning may be provided by projecting the imaging beam IB through an open 
collimator, and only setting the collimator to limit the projection of the beam for 
verification of the treatment plan. 

During the treatment procedure, shown in Figure 12, the treatment 
source 4a, 4b is aligned with the collimator 4d. The image detection device 
100 provides simultaneous treatment verification Again, the two portions 
501,502 of the hollow body 50 rotate together to enable treatment from the 
selected angles around the patient 2. 

The apparatus of this embodiment may be supplied with different 
equipment levels. For example, a basic system could be supplied to users who 
had previously found the cost of two separate units, namely the simulation 
apparatus and treatment apparatus described above, to be prohibitive. In this 
case, the apparatus could comprise only a treatment source 4 and simple 
rectangular collimator 4d. The initial localisation could be carried out by feel, 
as is already sometimes practised. Following this identification of the treatment 
area, treatment planning could be carried out by using a light source in place 
of the KeV imaging source, to provide visual adjustment of the treatment beam 
area. This system has the benefit of the integrated patient support 6, not 
requiring stepping of the patient through the treatment area, and enables at 
least basic visual treatment planning together with conventional radiotherapy 
treatment from a single machine. The use of a beam stop 102, 104 as a 
counterbalancing weight reduces the amount of shielding required for the 
treatment room, which reduces the installation costs. The installation is also 
simplified because of the use of a stationary patient support 6, which may 
therefore be a fixed part of the apparatus. Thus, this configuration can be 
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considered to provide a lowest cost complete radiotherapy apparatus for use 
in, for example, developing countries. 

This system could be supplied or could be upgraded to include the KeV 
imaging source SO and image detector 100. This then enables more accurate 
treatment planning by enabling electronic image scanning. Furthermore, when 
an image detector 100 is provided, the possibility of simultaneous verification 
during treatment becomes possible, because the relative rotation of the two 
portions of the hollow body 501, 502 enables the imaging device 100 to be 
located opposite to the imaging source SO for imaging or opposite to the 
treatment source 4 for verification. 

The use conventionally of two separate apparatus for 
localisation/simulation and for treatment has the effect that simulation of the 
treatment is carried out through a different collimator to that used for the 
treatment itself. The apparatus of this embodiment, in addition to reducing 
costs by providing a single collimator, also has the advantage that the 
treatment simulation is carried out using the same collimator as that used for 
the treatment itself. This enables the treatment beams to conform exactly with 
the simulated treatment, and differences in the beam shapes do not arise as 
a result of the different collimator configurations. Previously, it would not be 
considered appropriate to provide a MeV collimator in a simulator apparatus 
having a KeV imaging source. 

A more advanced system, or a further upgrade, could include a 
Computer Tomography scanning system, to provide a more accurate evaluation 
of the tumour shape. The use of a multileaf collimator would then enable a 
treatment program to be sufficiently advanced to warrant this scanning system. 

The radiotherapy system of this invention may be provided as a 
transportable system as a result of the unitary construction. The use of the 
beam stops 102, 104 should enable sufficient shielding to be possible in a lorry 
compartment, so that the system may be provided as an assembled 
transportable unit. This may enable the system to be shared between regions 
which would not individually have the finances or required level of expertise to 
install and operate such a system. 
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The inner portion of the hollow body 501 may include an opening 108 
(shown in Figure 10 only) which, when aligned with the treatment source (and 
imaging source), enables servicing of the treatment source (and imaging 
source) without removal of the collimator. Previous systems have required 
removal of the collimator in order to gain access to the treatment head, which 
requires regular servicing. As explained above, a MeV multi-leaf collimator 
comprises heavy components to achieve the required level of beam absorption, 
and may typically weigh approximately 1 / 2 tonne. The apparatus of the second 
embodiment therefore reduces servicing costs, avoiding the need to remove the 
collimator. The opening 108 may also function as a passageway for the 
imaging beam IB through the inner portion 501 of the hollow body, as shown 
in Figure 10. 

The different levels of equipment enable the system to be adapted to 
any level of treatment, from a basic system which would normally be used for 
palliative treatment, to an advanced Cone Beam Computer Tomography 
system. One treatment technique, under development by the applicant, may 
be applied by the apparatus of either embodiment of the invention, and is 
discussed in the following. 

Various radiotherapy treatment techniques have evolved using apparatus 
similar to that shown in Figure 1. 

One such technique, tomotherapy, involves a slice by slice treatment 
(and image scanning) of a tumour. A required dose distribution pattern is 
obtained for each slice and this dose is administered by the application of a fan 
shaped beam. The treatment of each slice involves a single gantry rotation 
with different fan shaped beams being applied at different gantry angles. The 
patient is stepped through the radiotherapy apparatus to enable treatment of 
the entire treatment area. Although a very accurate dose distribution pattern 
may be obtained, problems may arise in matching the radiation fields of 
adjacent slices and a prolonged treatment time may result if a large number of 
slices are involved. 

This invention is concerned with an alternative approach in which the 
radiotherapy beam covers substantially the entire tumour area. Thus, instead 
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of a fan beam being propagated which penetrates into a slice of the patient, the 
beam covers a two dimensional, for example square, area and the envelope of 
the radiation beam may be considered to be a square based pyramid, for 
example. As a result, a single rotation of the gantry, or in the case of the 
present invention of the drum, enables a dose to be administered to the entire 
treatment volume of the patient. The distribution pattern of the two dimensional 
area covered by the beam is controlled by a multi-leaf collimator or other 
collimator (beam limiting device) which provides two dimensional limitation of 
the beam shape, for example into a rectangular shape of the selected 
dimensions. 

A proposed treatment technique which operates according to this 
principle delivers these beams from a limited number, for example 5 to 7, of 
directions. Each of these beams has its intensity modulated for each elemental 
portion of the beam area with the result that a sufficiently accurate dose 
distribution may be obtained from the limited number of beam delivery 
positions. However, each of the limited number of beams will have a complex 
dose distribution pattern which may take a long time to administer. This is 
particularly so as the intensity is varied by altering the duty cycle of the leaves 
of the multi-leaf collimator. Furthermore, in view of the limited number of 
beams to be generated, an optimum distribution pattern is desired for each of 
those beams to enable the overall dose distribution to have the required 
accuracy. In view of this, it is desirable to alter the adjust patient position 
between beam deliveries since an oblique entry angle may be desired, or an 
oblique angle may be required for the entire treatment. As a result, it may be 
necessary to provide an area of clearance around the patient to enable the 
operating staff to carry out set up positioning during the treatment procedure. 
Although the apparatus according to the invention may be used to implement 
such a treatment technique, for example the patient support 6 may be rotatable 
about the support member 8, the apparatus of the invention is more suited to 
a treatment technique which does not require patient manipulation during the 
treatment procedure. This is a result of the enclosed nature of the apparatus 
according to the invention. For example, the technique above may be 
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employed, without providing oblique entry angles. 

As explained above, the apparatus of the invention and particularly the 
second embodiment is suitable for a range of different treatment techniques 
according to the different types of imaging system and treatment heads that 
may be employed. However, in the field of advanced treatment techniques, 
involving computer generated scanning images and complex beam distribution 
patterns, the apparatus according to the invention is particularly suited to an 
alternative treatment technique currently being developed by the applicant. 

This new technique uses multi-leaf collimator shaped fields which 
change shape during rotation of the drum in order to deliver the dose to the 
treatment target. The fields have a fixed intensity during the rotation of the 
drum and a number of drum rotations are required in order to build up a 
complex intensity pattern. Thus, the treatment is delivered as a number of arcs 
each with a different succession of field shapes, and the shapes are defined 
typically every 5°. The number of arcs required in order to define the intensity 
distribution pattern may be of the order of 5 and a single rotation of the hollow 
body may take of the order of 4 minutes. In particular, during the rotation of 
the hollow body, the multi-leaf collimator does not carry out intensity modulation 
but merely changes the shape of the beam delivered. 

The overall intensity distribution must be reduced into individual intensity 
distributions for each beam delivery gantry angle. Each of these individual 
distributions is then reduced into portions which correspond to the beam 
shapes which may be delivered by the leaves of the multi-leaf collimator. It 
may be required to rotate the collimator between angles of the hollow body 
since there are certain collimator angles along which the multi-leaf collimator 
leaves best conform to the required field shape. 

Once the intensity distribution for a particular leaf of the multi-leaf 
collimator is known for a particular position, it is necessary to define the 
intensity distribution as a combination of intensity patterns that can be applied 
by the multi leaf collimator (namely continuous strips) which may be 
successively applied. 

This principle is best explained with reference to Figure 13. Figure 13 
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part (a) shows a desired intensity profile, to be delivered from a certain drum 
angle, along a strip defined by one pair of leaves of a multi-leaf collimator. As 
shown in Figure 13 part (b), the desired intensity may be approximated as a 
stepped profile which in this case has three different intensity levels. In order 
to reduce this intensity profile into the profile to be applied by successive leaf 
positions during successive arcs of the treatment, there are a number of 
possible solutions. Each of these solutions is shown in Figure 13 part (c). 
There is also freedom to choose the order in which the constituent portions are 
applied. 

The fact that there are a number of ways of obtaining the desired 
intensity profile over the number of arcs enables leaf positions to be chosen 
which reduce the movement of the leaves of the multi-leaf collimator during the 
rotation of the drum. The process shown in Figure 13 assumes that the same 
intensity is applied for each arc of treatment. However, different intensities may 
be applied during the different drum rotations and this will alter the manner in 
which the desired intensity profile is decomposed. 

Some leaf pairs will need to be closed at certain points around the arc 
and it is arranged so that the closure of the two leaves is located at the edge 
of the collimator area, since the closure of two leaves cannot completely 
prevent the passage of radiation. To prevent excessive movement of the 
leaves, the previous and following decomposition pattern will be appropriately 
selected to minimise the required travel path of the leaves. 

For arcs with similar field shapes at all angles, high dose rate and high 
speed of drum rotation can be applied resulting in less overall beam time. 

An advantage of this system is that there is no rotation of the patient 
support 6 during the rotation of the drum. There is also no theoretical reason 
why an oblique entry angle should be required for the treatment, although this 
may be desirable as a result of planning considerations not related to the 
required dose distribution. Since the treatment does not require movement of 
the patient during rotation of the drum, there is no need for significant access 
to be provided to the patient and the arrangement of the apparatus according 
to the invention is particularly suited to this treatment technique. 
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The apparatus of the invention therefore preferably includes controlling 
means (not shown) for providing a first beam of a first fixed intensity and for 
controlling the multi-leaf collimator during rotation of the drum, and for providing 
a second beam of a second fixed intensity and controlling the multi-leaf 
collimator during the second rotation of the drum. The first and second 
intensities may be the same, as in the situation described with reference to 
Figure 13, although different intensities may be adopted. 

Where the apparatus of the invention is for curative treatment and an 
advanced treatment is to be administered, the apparatus is thus preferably 
adapted to the above described advanced treatment technique. In such a 
case, the controlling means must apply, in succession, a number of fixed 
intensity beams to correspond to the number of rotation arcs required. This 
depends upon the dose intensity distribution to be administered. 

From reading the present disclosure, other modifications and variations 
will be apparent to persons skilled in the art. Such modifications and variations 
may involve other features which are already known in the art and which may 
be used instead of or in addition to features already described herein. Although 
claims have been formulated in this application to particular combinations of 
features, it should be understood that the scope of the disclosure of the present 
application also includes any novel feature or combination of features disclosed 
herein either explicitly or implicitly, whether or not relating to the same invention 
as presently claimed in any claim and whether or not it mitigates any or all of 
the same technical problems as does the presently claimed invention. The 
applicants hereby give notice that new claims may be formulated to such 
features and/or combinations of such features during prosecution of the present 
application or of any further application derived therefrom. 
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CLAIMS 

1. Apparatus for treating a patient by exposing a treatment area of 
the patient to radiation, the apparatus comprising: 
a support; 

a hollow body having a central aperture which defines a passageway 
extending through the body, the hollow body being mounted to the support so 
as to be rotatable about a central axis of the hollow body; 

a radiotherapy source mounted to the hollow body so as to be rotatable 
with the hollow body and for projecting a radiotherapy beam within the 
passageway which crosses the central axis of the hollow body; 

a beam limiting device for controllably partially limiting the projected area 
of the beam; and 

a patient support for receiving the patient and which extends at least 
partly through the passageway and which is positioned such that an unlimited 
projection area of the beam substantially covers the treatment area of the 
patient. 

2. Apparatus as claimed in claim 1 , wherein the radiotherapy source 
includes a linear particle accelerator disposed within the hollow body which 
extends in a plane which lies substantially perpendicular to a longitudinal axis 
of the patient support. 

3. Apparatus as claimed in claim 2, wherein the passageway is 
substantially cylindrical and the apparatus further comprising deflecting means 
for deflecting the particle beam produced by the linear accelerator to a 
substantially radial direction with respect to the cylindrical passageway. 

4. Apparatus as claimed in any preceding claim, wherein the patient 
support is coupled to the hollow body, the coupling being arranged to allow 
angular movement of the patient support about the rotation axis of the hollow 
body and means is provided for maintaining the patient support at a 
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substantially constant attitude with respect to a fixed reference plane. 

5. Apparatus as claimed in claim 4, wherein the coupling is arranged 
to allow translational movement of the patient support with respect to the body 
in one or more directions parallel to or perpendicular to an axis of projection of 
the beam. 

6. Apparatus as claimed in any preceding claim, further comprising 
an imaging radiation source which is mounted on the hollow body, and a 
radiation detection device mounted on the hollow body at a location which is 
opposite to the imaging radiation source. 

7. Apparatus as claimed in any one of claims 1 to 3, wherein the 
hollow body comprises an inner portion within which is defined the 
passageway, and an outer portion, the inner and outer portions being rotatable 
with respect to each other, the radiotherapy source being mounted on the outer 
portion of the hollow body, and the beam limiting device being mounted on the 
inner portion of the hollow body. 

8. Apparatus as claimed in claim 7, wherein an imaging source is 
mounted on the outer portion of the hollow body at a position displaced from 
the radiotherapy source, the relative rotation between the two portions enabling 
the radiotherapy source or the imaging source to be aligned with the beam 
limiting device. 

9. Apparatus as claimed in claim 8, wherein the imaging source 
comprises a light source. 

10. Apparatus as claimed in claim 8, wherein the imaging source 
comprises an X-ray source, and the apparatus further comprises an X-ray 
image detecting device mounted on the inner portion of the hollow body, 
opposite to the beam limiting device. 
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11. Apparatus as claimed in claim 10, wherein the X-ray image 
detecting device is slidably received by the inner portion of the hollow body so 
as to be slidable between a first position opposite to the beam limiting device 
and a second position displaced from the first position, the angle of 
displacement between the two positions corresponding to the angle of 
displacement between the imaging source and the radiotherapy source. 

12. Apparatus as claimed in any preceding claim, in which the beam 
limiting device comprises a multi-leaf collimator. 

13. Apparatus as claimed in any preceding claim, comprising 
controlling means for controlling the radiotherapy source to provide a first beam 
of a first fixed intensity and controlling the beam limiting device to selectively 
limit the projection area of the beam at a plurality of positions of the hollow 
body during a first rotation of the hollow body, and for controlling the 
radiotherapy source to provide a second beam of a second fixed intensity and 
controlling the beam limiting device to selectively limit the projection area of the 
second beam at a plurality of positions of the hollow body during a second 
rotation of the hollow body. 

14. Apparatus as claimed in any proceeding claim for treatment by 
radiotherapy, the treatment involving administering a plurality of arc treatments, 
each arc treatment corresponding to a rotation of the hollow body and each arc 
treatment involving administering a beam of a respective fixed intensity, which 
beam changes shape as the hollow body rotates, the change in shape being 
governed by the beam limiting device. 

15. A transportable radiotherapy system comprising a vehicle having 
a compartment housing an apparatus for treating a patient as claimed in any 
preceding claim. 

16. A method of operating an apparatus in accordance with any 
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preceding claim, comprising: 

driving the radiotherapy source to produce a radiotherapy beam of a first 
fixed intensity; 

rotating the hollow body so that it follows a first arc and controlling the 
beam limiting device so as to alter the projection area of the beam during the 
first rotation of the hollow body; 

driving the radiotherapy source to produce a radiotherapy beam of a 
second fixed intensity; 

rotating the hollow body so that it follows a second arc which substantially 
corresponds to the first arc and controlling the beam limiting device so as to 
alter the projection area of the beam during the second rotation of the hollow 
body. 

17. A method as claimed in Claim 16, wherein first fixed intensity is 
equal to the second fixed intensity. 

18. A method as claimed in Claim 16 or 17, wherein three or more 
hollow body rotations are provided. 
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HAIR REMOVAL BY SELECTIVE PHOTOTHERMOLYSIS 
WITH AN ALEXANDRITE LASER 

5 FIELD OF THE INVENTION 

The present invention relates to laser surgery apparatus and method to 
remove hair that directs pulsed laser beams from an Alexandrite laser to a 
protective substance that protects an external surface of skin against damage 
from overheating and that provides markings to indicate where the impingement 
10 takes place. 

BACKGROUND OF THE INVENTION 

Treatment of skin with lasers have been the subject of study since the early 
1960s. A variety of lasers have been used in dermatologic practice. Different 
lasers are primarily distinguished by a wavelength of the light produced, 

15 measured in nanometers, such as the XeF excimer (351 nm), argon (488 nm, 
514 nm), ruby (694 nm), Nd:YAG (1060 nm), and CO z (10,600 nm) lasers. 

Photothermolysis of skin has been demonstrated using dye laser pulses 
and Q-switched ruby laser pulses. It has been found that radiation from 
Q-switched ruby lasers deeply penetrates the epidermis and dermis. It has also 

20 been found that application of ruby red laser energy can cause depigmentation of 
the skin as well as significant follicular damage to the extent that the hair will fall 
out. 

The Q-switched ruby laser has been used for the treatment of tattoos, 
pigmented lesions, and conventional ruby lasers have been used to treat 
25 epidermal and dermal pigmented lesions. Studies based on experimentation with 
Q-switched ruby lasers, as well as other lasers, have reported skin 
depigmentation and temporary hair loss. 

The use of lasers for non-invasive hair removal has been disclosed in U.S. 
Patent No. 5,059,192, issued October 22, 1991 to Nardo Zaias, entitled METHOD 
30 OF HAIR DEPILATION. This patent teaches the use of a pulsed ruby laser as the 
p re f erre d embodiment. The ruby laser radiation (694 nm wavelength) penetrates 
deep into tissue and is relatively well absorbed by melanin to cause thermal 
damage to dark, melanin rich hair shafts and follicles. 

U.S. Patent No 5,226,907, issued July 13, 1993 to Nikoli Tankovich, 
35 entitled HAIR REMOVAL DEVICE AND METHOD and U.S. Patent No. 5,425,728, 

1 
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issued June 20, 1995 to Nikoli Tankovich, entitled HAIR REMOVAL AND 
METHOD teach the use of a C0 2 pulse laser and a Nd:YAG laser, among other 
types of lasers, to effect hair removal in conjunction with light absorbing oil used to 
stain hair. 

The Nd:YAG laser is limited to relatively low energy levels at affordable 
commercial production costs. It is effective only for highly absorptive hairs, 
usually stained for this purpose. Energy levels adequate for hair removal with 
bare hairs makes it impractical to use an Nd:YAG laser. 

Large pulsed ruby lasers are capable of delivering very high energy levels 
- as high as 40J. As a result, they can attain the energy fluences of 15 - 70J/cm 2 
necessary for hair removal However, ruby lasers can be fired only at a very low 
repetition rate - approximately 1 pulse per second (pps). This limits the benefit of 
using a scanner such as that described in U.S. Patent No. 5,411,502 to Eliezer 
Zair and the computerized pulsed generator (CPG) scanner, commercially 
available from Coherent Inc. of California, USA. This low repetition rate is too low 
to cover large treated areas as legs and hands in a reasonable time. A 10 x 
30cm 2 area (one leg) would require some 1200 pulses, each pulse covering an 
area of 0.25cm 2 (typical for hair removal with a 5 Joules laser). Assuming a 
repetition rate of 1pps, this leads to 20 minutes for a single leg, or over 1 hour for 
two legs and two hands. This considerably limits the number of patients treatable 
for hair removal with the expensive laser. 

Another drawback of pulsed ruby lasers is their limited pulse time duration. 
Ruby lasers operated in their free running modes can usually attain a maximum 
time duration of 300-1000 microseconds. Extending the pulse duration to 1 - 10 
milliseconds is almost impractical. On the other hand, it would be desirable to 
operate ruby lasers at pulse durations of 1 - 10 milliseconds in most cases of hair 
removal because of hair follicle diameters being of over 100 microns. 

A third drawback of ruby lasers is their size due to their low efficacy. A 5 
Joules, 1pps ruby laser may typically be of 150cm x 70cm x 70cm size. A 25 
Joule laser may weigh over 400 kilograms. 

U.S. Patent No. 5,290,273, issued March 1, 1994 to Oon Tan, entitled 
LASER TREATMENT METHOD FOR REMOVING PIGMENT CONTAINING 
LESIONS FROM THE SKIN OF A LIVING HUMAN and U.S. Patent No. 
5,217,455, issued June 9, 1993 to Oon Tan, entitled LASER TREATMENT 
METHOD FOR REMOVING PIGMENTATIONS, LESIONS, AND 

2 
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ABNORMALITIES FROM THE SKIN OF A LIVING PERSON, teach the use of an 
Alexandrite laser instead of a ruby laser to treat pigmentation, lesions and skin 
abnormalities. Both teach that before and after irradiation, the area irradiated 
should be checked for the presence of absence of adhexac (skin appendages) 
5 such as hairs. If a hair loss condition is observed, then the energy density from 
the laser radiation should be decreased for subsequent treatments. The pulse 
duration is 10-300 nanoseconds. 

Skin treatment employing laser based systems, usually pulsed laser based 
systems is well known in the art. Such laser based systems are used inter alia for 

10 cutaneous vascular lesions treatment and for hair removal, the latter application 
being described for example in U.S. Patents Nos. 5,059,192 to Zais and 
5,226,907 to Tankovich. 

As is also well known in the art, the operation of laser based systems for 
cutaneous treatment is more effective when the tissue is cooled. Examples for 

15 prior art devices for cooling the skin during laser treatment are U.S. Patent 
5,057,104, U.S. Patent 5,282,797 and U.S. 5,486,172 to Chess specifically 
designed for cutaneous vascular lesions treatments and U.S. Patent No. 
5,344,418 to Ghaffari. 

A major disadvantage of prior art laser based systems for cutaneous 

20 treatment is that the operation of the laser is not visible to the physician carrying 
the treatment, thus he can not be sure that the laser covered the entire area to be 
treated. This results in an inhomogeneous treatment of the skin, such as an 
inhomogeneous removal of hair from the patient skin in the case of hair removal 
treatment. 

25 

SUMMARY OF THE INVENTION 

One aspect of the invention is to generate at least one pulsed Alexandrite 
30 laser beam that travels in a path to a hair follicle. The beam is of sufficient energy 
and pulse duration to damage hair follicle papilla. 

Another aspect of the invention is to provide a protective substance in the 
path to help protect an external surface of the skin against overheating otherwise 
arising from the pulsed laser beam. 
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For non-invasive surgery, this protective substance may be a cooling gel 
applied to the external surface of the skin to cool the external surface and thereby 
prevent overheating. For invasive surface, this protective substance may be 
energy absorbing or reflecting particles that block the laser radiation from 
penetrating to the external surface of the skin. 

Preferably, a plurality of markings are provided that indicate the locations 
on which the laser beam impinges. The markings may each vaporize upon 
impingement of a laser beam thereupon or be spaced away so that the laser 
beam will not impinge them. 

The protective substance may cool the skin during laser treatment. This 
substance may be contained within an enclosure which in turn may have thereon 
the markings. The enclosure is flexible preferably formed substantially of 
polyethylene, polypropylene or polycarbonate. This enclosure may have a 
peelable cover so as to enable direct contact between the gel and the area of the 
skin of a patient. Preferably, the edge of the enclosure exposed by peeling the 
peelable cover includes an adhesive material for attaching the enclosure to the 
patient skin. 

The markings may be physically placed on the area of the skin to be 
treated or adjacent thereto or the markings may be placed over the area of the 
20 skin to be treated such as on a transparent sheet disposed intermediate the laser 
beam and the skin. Alternately, the markings may be projected onto the area of 
the skin to be treated. 



15 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, reference is made to 
the following description and accompanying drawings, while the scope of the 
invention is set forth in the appended claims. 
5 Fig . 1 is a cross-sectional view of three hair shafts showing the stages of 

the hair cycle; 

Fig, 2 is a cross-sectional view of a hair follicle after the top has been cut, 
but prior to application of laser pulse; 

Fig. 3 is a cross-sectional view of the follicle of FIG. 2 after laser treatment, 
10 showing the damaged hair germ; 

Fig. 4 is a schematic representation showing the impingement and skin 
penetration with an Alexandrite laser beam in effecting hair removal; 

Fig. 5A shows a schematic pictorial representation of a hair follicle; 

Fig. 5B shows a graph representing the results of a computer simulation of 
15 photothermolysis with an Alexandrite laser beam, aligned with the follicle of Fig. 
5A; 

Fig. 6 is a graphical representation of the absorption spectrum of melanin 
and oxyhemoglobin; 

Fig. 7 is a schematic representation of the beam of an Alexandrite laser 
20 interacting with tissue in accordance with the invention; 

Fig. 8 is a schematic representation of an Alexandrite laser apparatus for 
hair depilation according to the present invention; 

Figs. 9A and 9B are schematic representations of arrangements showing a 
plurality of markings in accordance with two alternative embodiments of the 
25 invention; 

Figs. 10A - 10C are schematic representations of progressive views 
illustrating the operation of the apparatus of Fig. 9A; 

Fig. 11A is a schematic representation of a cooling apparatus in 
accordance with an embodiment of the invention; 
30 Fig. 11B is a schematic representation of a cooling apparatus in 

accordance with another embodiment of the invention; 

Fig. 12 is a schematic representation of a system for hair removal in 
accordance with still another embodiment of the invention; 

Fig. 13 is a schematic representation of a marking projection system in 
35 accordance with a further embodiment of the invention; 
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Fig. 14A is a schematic representation of a cooling apparatus in 
accordance with yet another embodiment of the invention; and 

Fig. 14B illustrates the cooling apparatus of Fig. 14A in operation. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 shows a hair shaft 10 which has been cut down near the surface of 
the skin 12. The shaft 10 extends down to the follicle 14 which at the anagen 
stage of the hair cycle joins the papilla 16. Destruction of the papilla 16 is 

10 necessary to prevent hair regrowth. 

After growing for a period of time that is different for different parts of the 
human body in the anagen stage, the hair shaft 10 enters the catagen stage 
represented by hair shaft 20 wherein the papilla 22 separates from the base of the 
follicle 24. The catagen stage lasts only a few weeks. 

15 Hair sh aft 30 represents the tetogen stage of the hair cycle wherein the 

papilla 32 completely separates from the follicle 34 and forms a new secondary 
hair germ which will repeat the cycle. The telogen stage also lasts for a period of 
time that depends on the part of the body. For arms, it is about three months. 

To assure sufficient injury to the papilla 32 at the telogen stage as well as 

20 the papilla 16 at the anagen stage, use of a laser with sufficient energy and depth 
of penetration is necessary to achieve sufficient melanosomal destruction. 
Cutting of the hair shaft down to the skin 12 in advance of lasing provides two 
important functions of the treatment process. First, the tip 18 of the hair shaft 10 
allows the laser operator to position the laser substantially vertically over the hair 

25 follicle opening such that an optimum location for aiming the laser pulse to strike 
the papilla 16 is obtained. Second, the reduction of excess hair eliminates 
additional scattering and absorption of other radiant energy contained in the 
pulse. 

Fig. 2 shows an enlarged view of the hair shaft 10 prior to treatment, 
30 wherein the follicle 14 and papilla 16 are normal in appearance in the anlagen 
stage. 

Fig. 3 shows the treatment after the laser pulse has been applied to the 
follicle 14 and the resulting effect on the papilla 16. 

Application of the laser pulse to the follicle and the papilla causes 
35 photothermolysis which provides melanosomal disruption, including vaporization 
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of the melanin in the follicle 14 and papilla 16, as well as vacuolation. edema, gas 
bubbles and protein denaturation. When the pulse applied is of sufficient energy 
level, these effects seriously injure the hair follicle and papilla, thereby damaging 
the hair germ which causes hair regrowth. The hair follicle 14 may extend into the 
5 reticular dermis up to 3 mm from the skin surface. 

Turning to Fig. 4, the use of an Alexandrite laser beam 44 (see Fig. 7) is 
shown for non-invasive hair removal by selective photothermolysis. 

In accordance with the process of selective photothermolysis, the pulse 
duration time should be shorter than the thermal relaxation time of the follicle. 
10 The thermal relaxation time is defined as the time it takes for a structure to cool to 
50% of its peak temperature immediately after laser exposure. The calculated 
thermal relaxation time for hair shafts and follicle has been found to be 
approximately 1-10 milliseconds. 

Figs. 5A and 5B show a computer simulation that is based on a "MONTE 
15 CARLO" statistical model of light scattering in the skin, see M.J.C. Van Germet et 
al„ "Skin Optics", IEEE translation on Biomedical Engineering, Vol. 36, pp. 
1 146-1 150 (1989). The temperature distribution shows follicle destruction. 

Fig. 5A illustrates a schematic cross section in a hair follicle. Fig. 5B 
illustrates a graph of the simulated energy density distribution curve. The 
20 horizontal axis of the graph represents the value of the simulated energy density. 
The vertical axis of the graph represents the depth within the skin and is roughly 
aligned with the cross section of the follicle of Fig. 5A. The numbers along the 
curve of the graph of Fig. 5B roughly represent the simulated temperature at the 
corresponding depth values along the vertical axis of the graph. 
25 Different types of hair and hair color will require variations in the energy 

dosage to effect permanent hair removal. Generally, darker hair will induce higher 
light absorption, therefore a lower dosage may be required. 

As shown graphically in Fig. 6, the Alexandrite laser emits radiation at 
755 nm. Its emitted beam absorption in tissue is higher than with a ruby laser 
30 (approximately 4 times higher). As a result, general tissue heating is higher, 
which may necessitate tissue cooling in contrast to the case of superficial heating 
with a ruby laser. Also, melanin absorption of Alexandrite laser radiation is lower 
than for ruby laser radiation, thus reducing the amount of hair shaft heating and 
thus laser effectiveness. However, such advantages of the ruby laser tissue 
35 effects over the Alexandrite laser tissue effects is offset by the very high energy 
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levels attainable with small size, high repetition rate attainable with Alexandrite 
lasers. 

According to an alternative embodiment of the present invention, the 
Alexandrite laser energy is absorbed at least partly by a stain added to the hair 
5 itself or by a stained lotion introduced into the hair follicle. The stain or stained 
lotion absorbs in the 755 nm wavelength. Such a stain or stained lotion may. for 
instance, be black or blue but not the color of the Alexandrite frequency of near 
infrared. 

The following table provides a qualitative comparison between Alexandrite 
10 and ruby laser for use for hair removal. 
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15 



QUALITATIVE COMPARISON BETWEEN ALEXANDRITE 
AND RUBY LASER FOR HAIR REMOVAL 



TECHNOLOGY 



LASER 
COLOR 

ENERGY PER PULSE 
WITH A SMALL- 
MEDIUM SIZE LASER 

MAXIMUM PULSE 
DURATION IN FREE 
RUNNING MODE 



RUBY 

RED (694 NM) 
LOW 



UP TO 1 

MILLISECOND 

(PRACTICAL) 



ALEXANDRITE 
INFRARED (755 NM) 
HIGH 



LONGER (BETTER 
FOR HAIR REMOVAL) 



HAIR REMOVAL 
CAPABILITY 

DAMAGE TO 
EXTERNAL SKIN 
LAYER 



TISSUE INTERACTION 
GOOD 



HAVE TO BE 
CAREFUL WITH 
DARKER SKIN 



GOOD 



SMALLER RISK TO 
DAMAGE DARKER 
SKIN - HIGHER 
ABSORPTION BY 
BLOOD VESSELS 



USE OF A SCANNER 



COOLING 
REQUIREMENT 



SPEED OF 
PROCEDURE 

POSSIBLE NUMBER 
OF PATIENTS PER 

DAY 



TREATMENT STRATEGY AND ECONOMY 



NO NEED; MANUAL 
WORK 

STRINGENT ONLY 
FOR EPIDERMIS 



VERY SLOW 
SMALL 



ADVANTAGEOUS 



CONSIDERABLY 
LESS STRINGENT 
FOR EPIDERMIS. 
NEED FOR DERMIS 

VERY FAST 



LARGE 



20 



Turning to Fig. 7, the laser delivery system 40 delivers a fast repetition rate 
pulses of laser radiation to the tissue that has been previously shaved. 
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Preferably, the laser beam strikes the surface of the tissue substantially at a 
perpendicular angle thereto. 

In accordance with the preferred embodiment, provision is made to protect 
the skin from overheating due to radiation from pulsed laser beams. A protective 
5 substance, such as a cooling substance contained in a cooling apparatus 42, is 
arranged on the skin, interposed between the skin and the laser beams. 

The cooling apparatus 42 is placed on the tissue to cool the tissue that is 
being exposed to irradiation from a high average power Alexandrite laser beam 
44. High average power arises from high energy per pulse and high frequency of 
10 the pulse repetition rate. In a preferred embodiment, the cooling apparatus 
includes a gel 46 of a matching optical index of refraction to that of a operative 
dyed transparency 48 having died dots 49 thereon and covering gel 46. The gel 
46, when spread over the skin, should have a minimum thickness of 2-3 
millimeters to be effective in protecting the external surface of the skin for about a 
15 50-100 micron depth against overheating from pulsed laser beams. The gel 46 
acts as a heat sink, withdrawing heat accumulating in the external surface of skin 
from the laser energy. 

Fig. 8 illustrates a preferred embodiment of an Alexandrite laser apparatus 
100 that comprises an Alexandrite laser source 50 including a conventional 
20 Alexandrite laser head 51 and a conventional coupling lens 52, a conventional 
optical fiber 53 connecting the Alexandrite laser source 50 to a conventional 
pulsed laser beam director 54 that has an imaging lens 55 and an aperture 56 
through which the laser radiation is applied. In the preferred embodiment, 
apparatus 100 also includes a scanner 57 that causes the laser beam to sweep a 
25 pattern on the tissue being irradiated so as to irradiate spots 58 on the tissue. 
Spots 58 may coincide in registry with marks 49 of the cooling apparatus 42. 

Fig. 8 also illustrates a modification of the embodiment of Fig. 4. As in the 
case of the Fig. 4 embodiment, the tissue 60 is shaved to cut hairs otherwise 
protruding from the surface of the tissue. 

30 

The following parameters are recommended for an Alexandrite laser with a 
fiber delivery system to remove hair from human beings: 

Energy Level: within 100 mJ-20J/Pulse, 

optimally 10J/Pulse 
35 Repetition Rate: 10 Pulse per second 

10 
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Pulse Duration: 100 microseconds to 3 milliseconds, 

possibly to 10 milliseconds 
Spot Size on Tissue: 4-10 mm. 

Energy Fluence: 1 5 - 70J/cm 2 

5 Tissue Cooling: 4°C. 

Based on clinical trials with fifty patients on faces, arms, legs, the 
acceptable results were observed where the hair diameters ranged between 40 
microns to 80 microns. These results are for a single treatment of the arm: 
30% growth of hairs after 3 months @ 50J/cm 2 
10 50% growth of hairs after 3 months @ 37J/cm 2 

70% growth of hairs after 3 months @ 25J/cm 2 
In the case of two treatments, in some cases only 15% growth was 
observed after 3 months. Another effect observed during clinical trials is that for 
the case of some hair growth, the diameter of the hair is about 25 percent smaller 
15 than the original. That is, the treatment causes shrinkage in the hair diameter. 

Reference is now made to Figs. 9A and 9B which illustrate an apparatus 
having a plurality of markings thereon for tracking a laser beam as it sweeps 
across tissue, e.g., to remove hairs from a patient's skin. The markings indicate 
whether the laser beam actually reached a location on the skin corresponding to 
20 each marking. 

Fig. 9A shows a pattern 100 that comprises a plurality of markings 112 
which are preferably, but not necessarily, ordered equidistant from each other. 
The markings 112 may be black dots that vaporize upon impingement of the laser 
beam thereupon. Fig. 9B shows a pattern 111 that comprises a grid 113 with 
25 each grid junction 115 being analogous to the markings 112. Alternatively, the 
markings 112 or grid junctions 115 may be arranged so that the laser beam will 
not be directed to impinge them, e.g., may be spaced neighboring the areas to be 
impinged. 

In the embodiments of Figs. 9A and 9B, patterns 110 and 111, 
30 respectively, are each on a respective sheet 1 14 of transparent material. The 
transparent material may be polyethylene, polypropylene or polycarbonate. The 
markings 112 and grid 113 are each made of any suitable identifier, such as ink 
printed on the sheet 114. In a further embodiment of the present invention, 
patterns 110 and 111 form part of a cooling apparatus as depicted in Figs. 11B 
and 12. In yet a further embodiment of the present invention, markings 112 are 



11 



SUBSTITUTE SHEET (RULE 26) 



WO 97/22384 



PCT/IL96/00184 



marked on the skin. In yet another embodiment, the markings are projected on 
the skin as illustrated with respect to Fig. 13. 

Figs. 10A - 10C illustrate the progression of the treatment over time with 
each successive laser pulse directed to a corresponding successive marking 1 12 
5 so as to vaporize the markings 112 and the associated hairs 124 thereunder by 
scanning the laser beam across the tissue 60. After pulsing the laser source 50 a 
desired number of times onto all the markings 112 or grid junctions 115, 
substantially full coverage of the area to be treated is attained. In an alternative 
embodiment, the markings 112 or the grid 113 are used to indicate the vicinity 

io and not the exact location on which the laser beam impinges and therefore are 
not being vaporized by impingement of the laser beam thereupon. The sheet 1 14 
is placed intermediate the laser source 50 and the patient's tissue 60. Preferably, 
the sheet extends substantially parallel to the skin tissue 60. 

Referring now to Fig. 1 1 A, the pattern 1 10 is illustrated as part of a cooling 

15 apparatus 130 so as to further increase the effectiveness of the laser treatment. 
While the cooling apparatus 130 may be any prior art cooling apparatus, in a 
preferred embodiment of the present invention, the cooling apparatus 130 
comprises a flexible enclosure 132 formed of a relatively thin plastic material, such 
as polyethylene, polypropylene or polycarbonate, having therein any suitable 

20 cooling substance 134. An example of the cooling substance 134 is water, 
preferably with salt, to decrease its freezing temperature. A transparent sheet 
114 with the markings 112 is disposed in enclosure 132 as shown in Fig. 11B. 
This cooling substance 134 helps protect the skin from thermal damage otherwise 
arising from pulsed laser beams used in hair removal. 

25 A particular feature of the present invention is the use of an ultrasound gel 

138, such as the Aquarius 101 Ultrasound gel, commercially available from 
Meditab Ltd. of Israel. Gel 138 is disposed intermediate the tissue 60 and the 
cooling apparatus 130. Since enclosure 132 is flexible it is more easy to handle 
and to place over tissue 60 than a conventional cooling apparatus that is rigid. 

30 However, since enclosure 132 need not be necessarily in direct contact with the 
skin, gel 138 provides the required optical index of refraction matching between 
the skin and cooling apparatus 130. 

According to an alternative preferred embodiment of the present invention 
illustrated in Fig. 11B, a cooling apparatus 131 is substantially similar to the 

35 cooling apparatus 130 and therefore similar elements are referenced in Figs. 11A 
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and 11B by the same reference numerals. Cooling apparatus 131 differs from 
cooling apparatus 130 in that it also includes gel 138 enclosed within an 
enclosure 133 having peelable cover 135. In operation, peelable cover 135 is 
peeled and cooling apparatus 131 is attached to the skin with attachments 137. 
5 Preferably, the edge of the enclosure 133 exposed by peeling the peelable cover 
includes an adhesive material which serves as the attachment 137 for attaching 
the cooling apparatus to the patient skin. 

Cooling apparatus 130 and cooling apparatus 131 are used in conjunction 
with a laser based skin treatment system, generally referenced 140, illustrated in 

10 Fig. 12. Although Fig. 12 is described with respect to cooling apparatus 130, it is 
equally applicable to cooling apparatus 131. 

System 140 includes a laser source 50 operating to provide a pulsed laser 
beam 44 onto a cooling apparatus 130 and gel 138. In operation, the gel 138 is 
spread over the area of the skin to be treated and cooling apparatus 1 30 is placed 

15 thereon intermediate gel 138 and laser source 50. A physician (not shown) then 
operates to treat the skin with the pulsed laser beam 44 as described hereinabove 
with reference to Figs. 10A through 10C. 

While the present invention has been described with respect to markings 
112, it is equally applicable to grid junctions 115. Yet another example is to 

20 employ a projection apparatus in order to project the markings of the treated area 
as illustrated in Fig. 13. Fig. 13 shows a light source 150 that projects light 
through a transparent sheet 152 having markings 154 thereon so as to effectively 
mark tissue 60 with shade markings 156. Laser 50 operates in the same manner 
as previously discussed. 

25 Fig. 14A shows a cooling apparatus 160 in which the markings are part of 

the enclosure and not of a transparent marked sheet disposed therein. The 
cooling apparatus 160 of Fig. 14A comprises an enclosure 161 of which the top 
part 162 faces away from the skin during operation. The cooling includes discrete 
marks 163 or a grid thereon and of which the bottom part is a folded removable 

30 cover 164. This cover 164 is removed after the cooling apparatus 160 is attached 
to the skin with attachments 165. Disposed in enclosure 161 is a gel 166 that is 
used as the cooling agent during operation of the laser on the skin. 

In operation, apparatus 160 is placed on the skin and a peelable cover is 
pulled out by pulling its edge 167. The gel 166 thus comes into contact with the 
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area to be treated as shown in Fig. 14B and the laser beam is directed onto the 
treated area bearing the indicia of the plurality of markings 163. 

In an alternative embodiment, the peelable cover 164 is removed before 
the cooling apparatus 160 is tied to the skin. 
5 While the foregoing description and drawings represent the preferred 

embodiments of the present invention, it will be understood that various changes 
and modifications may be made without departing from the spirit and scope of the 
present invention. For example, a colored marking at the edge of any cooling 
apparatus, such as cooling apparatus 160 may be added such that the cooling 
10 apparatus marks the area being treated. 

For purposes of interpretation of the claims, "markings' 1 covers any form of 
point indicia, whether ink dots, grid junctions, surface contour indentations or 
protrusions, etc. 

The present invention clearly covers non-invasive hair removal by selective 
15 photothermolysis with an Alexandrite laser. However, it also pertains to invasive 
hair removal with an Alexandrite laser in that a protective substance, such as 
energy absorbing particles in lotion, fills the hair follicle and effectively blocks laser 
energy emitting from an invasive laser probe from penetrating to the external layer 
of the skin. These energy absorbing particles may be carbon black or white 
20 reflective that keep the laser energy contained to the hair follicle. In both the 
invasive and non-invasive techniques, the concept is to pulse the Alexandrite 
laser and rely on the protective substance to protect the skin against overheating. 
In this manner, scarring of surrounding tissue from the pulsed laser beam is 
minimized. 

25 While the foregoing description and drawings represent the preferred 

embodiments of the present invention, it will be understood that various changes 
and modifications may be made without departing from the spirit and scope of the 
present invention. 
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CLAIMS 

1. A laser surgery apparatus to remove hair, comprising: 

an Alexandrite laser that generates at least one pulsed laser beam 
that travels in a path and of sufficient energy and pulse duration to damage hair 
5 follicle; and 

a protective substance arranged in said path to help protect an 
external surface of the skin against overheating otherwise arising from the pulsed 
laser beam. 

2. An apparatus as in claim 1, further comprising markings that are arranged 
10 to provide an indication of where the pulsed laser beam passes through said 

protective substance, whereby hair follicles that are in the path become damaged 
by the at least one pulsed laser beam. 

3. An apparatus as in claim 1 , wherein each of said markings are constructed 
of a material that vaporizes in response to impingement by the pulsed laser beam. 

15 4. An apparatus as in claim 1, further comprising a projector that projects the 
markings onto the protective substance by shining light through a transparent 
sheet having markings. 

5. An apparatus as in claim 1, wherein said markings are responsive to 
impingement by the pulsed laser beam to provide the indication. 
20 6. An apparatus as in claim 1, wherein said pulsed laser beam has a pulse 
duration of 100 microseconds to 10 milliseconds. 

7. An apparatus as in claim 1, wherein said Alexandrite laser generates a 
plurality of pulsed laser beams, further comprising a scanner that directs said 
pulsed laser beams to sweep across said protective substance in a vicinity of said 

25 markings in accordance with a pattern. 

8. An apparatus as in claim 1, further comprising an enclosure containing said 
protective substance, said enclosure being interposed in said path. 

9. An apparatus as in claim 8, wherein said enclosure includes a plurality of 
sheets of transparent material. 

30 10. An apparatus as in claim 9, wherein said sheets of constructed of a plastic 
material selected from the group consisting of polyethylene, polypropylene, 
polycarbonate, and any combination thereof. 

11. An apparatus as in claim 8, further comprising an ultrasound gel within said 
enclosure. 
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12. An apparatus as in claim 8, further comprising an ultrasound gel in contact 
with an exterior of said enclosure. 

13. An apparatus as in claim 8, wherein said enclosure is flexible. 

14. An apparatus as in claim 1, wherein said markings are selected from the 
5 group consisting of inks, light projections, and configurations in said envelope. 

15. An apparatus as in claim 1, wherein said protective substance is an 
ultrasound gel. 

16. An apparatus as in claim 1, wherein any one of stain and stained lotion is 
in said path such that said protective substance is between said Alexandrite laser 

10 and said any one of said stain and stained lotion. 

17. An apparatus as in claim 1, wherein said Alexandrite laser emits energy 
between 0.2-40 joules per pulse. 

18. An apparatus as in claim 1, wherein said Alexandrite laser emits pulsed 
laser beams with a pulse repetition rate of 1 pulse per second to 15 pulses per 

15 second. 

19. An apparatus as in claim 1, wherein said Alexandrite laser provides an 
energy fluence of between 15 joules per centimeter squared and 70 joules per 
centimeter squared. 

20. An apparatus as in claim 1 , wherein said Alexandrite laser provides said 
20 pulsed laser beam such that said pulse duration is shorter than a thermal 

relaxation time of the hair follicle. 

21 A method of laser surgery to remove hair, comprising: 

generating at least one pulsed laser beam that travels in a path from 
an Alexandrite laser and of sufficient energy and pulse duration to damage hair 
25 follicle; and 

interposing a protective substance in the path to help protect an 
external surface of the skin against overheating otherwise arising from the pulsed 
laser beam, 

22. A method as in claim 21, further comprising the step of indicating with 
30 markings where the pulsed laser beam passes through the protective substance, 

whereby hair follicles that are in the path become damaged by the at least one 
pulsed laser beam. 

23. A method as in claim 22, wherein said markings vaporize in response to 
the pulsed laser beam impinging said markings. 
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24. A method as in claim 22, further comprising the step of indicating includes 
projecting the markings by shining light at the protective substance through a 
transparent sheet with markings. 

25. A method as in claim 22, wherein the step of indicating arises in response 
5 to the pulsed laser beam impinging the markings. 

26. A method as in claim 22, wherein said Alexandrite laser generates a 
plurality of pulsed laser beams, further comprising scanning with the pulsed laser 
beams to sweep across the cooling substance in a vicinity of the markings in 
accordance with a pattern. 

10 27. A method as in claim 21, further comprising enclosing the protective 
substance within an enclosure, the enclosure being transparent. 

28. A method as in claim 21, further comprising contacting the envelope with 
an ultrasound gel. 

29. A method as in claim 21, further comprising flexing said enclosure. 

15 30. A method as in claim 21 , further comprising staining hair and arranging the 
path so that the pulsed laser beam strikes the stained hair. 

31. A method as in claim 21 , wherein the Alexandrite laser emits energy 
between 0.2-70 joules per pulse. 

32. A method as in claim 21, wherein the Alexandrite laser generates pulsed 
20 laser beams that have a pulse repetition rate of 1 pulse per second to 15 pulses 

per second. 

33. A method as in claim 21, wherein said Alexandrite laser provides energy 
fluence of between 15 joules per centimeter squared and 40 joules per centimeter 
squared. 

25 34. A method as in claim 21, further comprising the step of shaving hairs and 
then directing the path of the pulsed laser beam to strike the shaved hairs. 

35. A method as in claim 21, further comprising the step of keeping the path 
away from the markings at all times. 

36. A method as in claim 21, wherein the step of generating includes 
30 generating the pulsed laser beam such that the pulse duration that is shorter than 

a thermal relaxation time of melanin. 

37. A method as in claim 21 , wherein the step of generating causes the pulsed 
laser beam to have a pulse duration between 10 microseconds and 10 
milliseconds. 
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38. A method of hair removal, comprising the step of applying at least one 
Alexandrite laser pulse to at least one hair follicle, said Alexandrite laser pulse 
having sufficient pulse duration and radiant exposure dose of sufficient energy to 
damage said at least one hair follicle so that percentage hair growth diminishes 

5 and scarring of the surrounding skin is minimized. 

39. A method as in claim 34, wherein said pulse duration is between 10 
microseconds and 10 milliseconds. 

40. A method as in claim 39 wherein said step of applying comprising the steps 

of: 

10 aligning a laser light applicator over said at least one hair follicle 

opening in tissue, said applicator having an aperture of sufficient area to surround 

said at least one hair follicle and overlie its papilla; and 

directing through said aperture to said at least one hair follicle said 

at least one pulse of laser radiation. 
15 41. A method as in claim 38, further comprising the step of absorbing part of 

said at least one laser pulse with stain that has been added to the one hair follicle. 

42. A method as in claim 38, wherein said Alexandrite laser emits energy 
between 2-70 joules per pulse. 

43. A method as in claim 38, wherein said Alexandrite laser emits energy at a 
20 pulse repetition rate of 1 pulse per second to 1 5 pulses per second. 

44. A method as in claim 38, wherein said directing comprises directing the 
laser beam through a scanner to deliver the laser radiation to tissue in a 
homogenous manner. 

45. A method as in claim 38, wherein said Alexandrite laser provides an 
25 energy fluence of between 15 joules per centimeter squared and 40 joules per 

centimeter squared to said at least one hair follicle. 

46. A method as in claim 38, wherein each said Alexandrite laser pulse is 
arranged to irradiate spots on the tissue with the Alexandrite laser, each of the 
spots having a spot size on the tissue between 3-8 millimeters. 

30 47. A method as in claim 38, wherein the step of applying provides an energy 
fluence on the tissue that results in a percentage growth of hairs after 3 months 
that is in accordance with a relationship between percentage growth after 3 
months and energy fluence, the relationship being characterized by a curve profile 
whose coordinates include: 

35 30% growth of hairs after 3 months @ 50J/cm 2 
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50% growth of hair after 3 months @ 37J/cm 2 
70% growth of hairs after 3 months @ 25J/cm 2 . 
48. A method as in claim 38, wherein the step of applying is such that the 
pulse duration is shorter than a thermal relaxation time of the melanin. 
5 49. A method as in claim 38, further comprising the step of shaving the hair 
follicle before the step of applying so that the hair follicle is free from protruding 
from the skin to a position that would scatter radiant energy from the laser pulse 
upon infringement. 

10 50. An apparatus for hair removal, comprising: 

a. an Alexandrite laser source for 
generating at least one alexandrite laser 
pulse having a sufficient pulse duration 
and radiant exposure dose of sufficient 

15 energy to damage at least one hair 

follicle so that percentage hair growth 
diminishes and scarring of the 
surrounding skin is minimized; and 

b. a laser light applicator that directs said 
20 laser pulses to said at least one hair 

follicle. 

51. An apparatus as in claim 50, wherein said pulse duration is between 100 
microseconds and 10 milliseconds. 

52. An apparatus as in claim 50 wherein said laser light applicator is aligned 
25 over said at least one hair follicle opening in tissue, said applicator having an 

aperture of sufficient area to surround said at least one hair follicle and overlie its 
papilla so that said at least one pulse of laser radiation is directed through said 
aperture to said at least one hair follicle. 

53. An apparatus as in claim 50, further comprising stain arranged so that said 
30 stain absorbs at least part of said at least one laser pulse. 

54. An apparatus as in claim 50, wherein said Alexandrite laser emits energy 
between 0.2-40 joules per pulse. 

55. An apparatus as in claim 50, wherein said Alexandrite laser emits energy 
at a pulse repetition rate of 1 pulse per second to 15 pulses per second. 
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56. An apparatus as in claim 50, further comprising a scanner operative to 
deliver the laser radiation via said laser light applicator to tissue in a homogenous 
manner. 

57. An apparatus as in claim 50, wherein said Alexandrite laser provides an 
5 energy fluence of between 15 joules per centimeter squared and 70 joules per 

centimeter squared to said at least one hair follicle. 

58. An apparatus as in claim 50, wherein each said laser light application is 
arranged to direct said laser pulses to irradiate spots on the tissue so that each of 
the spots has a spot size on the tissue between 3-8 millimeters. 

10 59. An apparatus as in claim 50, wherein said laser source provides a level of 
energy fluence on the tissue that results in a percentage growth of hairs after 3 
months that is in accordance with a relationship between percentage hair growth 
after 3 months and energy fluence, the relationship being characterized by a 
curve profile whose coordinates include: 

15 30% growth of hairs after 3 months @ 50 J/cm 2 

50% growth of hairs after 3 months @ 37J/cm 2 
70% growth of hairs after 3 months @ 25J/cm 2 . 
60. An apparatus as in claim 50, wherein said Alexandrite laser source 
provides the alexandrite laser pulse such that the pulse duration is shorter than a 

20 thermal relaxation time of melanin. 
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METHOD AND DEVICE FOR APPLYING HYPERTHERMIA TO 
ENHANCE DRUG PERFUSION AND EFFICACY OF SUBSEQUENT 

LIGHT THERAPY 
Field of the Invention 

5 The present invention generally relates to a device and a procedure for 

applying heat to tissue, and more specifically, to the use of this device and 
procedure for enhancing the effects of a medical treatment that depends upon the 
perfusion of a reagent into the tissue. 

Background of the Invention 

10 Abnormal tissue in the body is known to selectively absorb certain dyes 

perfused into a treatment site to a much greater extent than surrounding tissue. 
For example, tumors of the pancreas and colon may absorb two to three times the 
volume of certain dyes, compared to normal tissue. Once pre-sensitized by dye 
tagging, the cancerous or abnormal tissue can be destroyed by irradiation with 

15 Light of an appropriate wavelength or waveband corresponding to an absorbing 
wavelength or waveband of the dye, with minimal damage to normal tissue. This 
procedure, which is known as photodynamic therapy (PDT), has been clinically 
used to treat metastatic breast cancer, bladder cancer, lung carcinomas, esophageal 
cancer, basal cell carcinoma, malignant melanoma, ocular tumors, head and neck 

20 cancers, and other types of malignant tumors. Because PDT may selectively 
destroy abnormal tissue that have absorbed more of the dye than normal tissue, it 
can successfully be used to kill malignant tissue with less effect on surrounding 
benign tissue than alternative treatment procedures. 

Typically, invasive applications of PDT are used during surgical 

25 procedures employed to gain access to a treatment site inside the body of the 
patient to administer light produced by relatively high intensity light sources, such 
as high power lasers or solid state laser diode (LD) arrays. Optical fibers in a 
hand-held probe are often used to deliver the intense light to the surgically 
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exposed treatment site from a remote laser source to reduce damage to 
surrounding tissue from the heat developed by the laser source. 

It has been shown possible, in certain cases, to obtain improved 
therapeutic results in PDT at a low light level. As reported by J. A. Parrish in 
"Photobiologic Consideration in Photoradiation Therapy," pp. 91-108, Porphyrin 
Photosensitization , Plenum Press, (1983), preliminary laboratory studies with 
hematoporphyrin and visible light suggest that low intensity light may be more 
effective in PDT. In these experiments, subcutaneous tumors in the flanks of 
newborn rats were treated with the same external dose of 620 nm radiation, at 
intensities of 7.5, 28, and 75 mW/cml At the same total light dosage, Parrish 
found that greater tumor necrosis occurred at the lowest light intensity used. 

Light emitting probes designed to be transcutaneously introduced into the 
body of a patient at a desired treatment site, to administer PDT using low light 
level sources, for extended periods of time, are taught in commonly assigned U.S. 
15 Patent No. 5,445,608, the drawings and disclosure of which are specifically 
incorporated herein by reference. Several different embodiments of such probes 
are illustrated and discussed in this patent. Each of the probes disclosed in this 
reference includes a plurality of light sources that are mounted on a substrate and 
enclosed within a transparent envelope through which light emitted by the light 
20 sources is transmitted to the tumor or other cells to be destroyed by PDT. The 
light sources used on the probes taught by this reference are preferably light 
emitting diodes (LEDs). By transcutaneously inserting one of these probes into an 
internal treatment site and applying PDT over an extended time frame, abnormal 
tissue at the treatment site can be destroyed without adverse impact on normal 
25 tissue. 

U.S. Patent No. 5,445,608 discloses that a light source on a probe 
implanted at a treatment site within a patient's body will give off heat that 
increases the temperature of the abnormal tissue at the treatment site. An increase 
in the efficacy of PDT is thus achieved due to the elevated temperature of the 

30 tissue. Other beneficial effects of hyperthermia are known in the prior art. For 
example, hyperthermia has been utilized to enhance permeation of various 
medicaments into the tissue comprising a tumor. It is believed that an increase in 
blood flow in the tissue subject to hyperthermia and/or an enlargement of 
endothelial gaps within the tumor vessels may be responsible for enhanced drug 

35 delivery to a tumor site. Another beneficial use of hyperthermia applied to a 
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tumor site is to split heat sensitive liposomes containing antitumor agents, and 
thus, to provide selective drug delivery to the site. 

Abnormal tissue in a tumor differs from normal tissue in its resistance to 
the perfusion of medicaments. In addition, as any treatment of a tumor begins to 
5 destroy cells on the surface of the tumor, the necrotic cell layer resulting from the 
treatment tends to resist infusion of medicaments to the underlying live abnormal 
tissue. It would thus be desirable to enhance the perfusion of medicament fluids 
such as photoreactive reagents into the tissue of the tumor that will subsequently 
be destroyed by PDT. Further, it would be desirable to enhance the efficiency of 
1 0 PDT without the need for additional hardware to be inserted into the treatment site 
beyond that necessary to administer PDT. The present invention addresses these 
objectives. 

Summary of the Invention 

In accord with the present invention, a method for increasing the perfusion 

15 of a drug through tissue at a treatment site where photodynamic therapy is to be 
administered comprises the step of positioning a fixture that emits light adjacent 
to the treatment site for use in administering the photodynamic therapy. The 
fixture includes means for providing heat to the tissue at the treatment site to raise 
its temperature. The drug is then delivered to the treatment site. The elevated 

20 temperature of the tissue caused by the heat that was supplied increases the 
perfusion of the drug through the tissue at the treatment site to enhance the effect 
of the drug on the tissue. 

In the preferred embodiment of the invention, the drug comprises a 
photoreactive reagent. A light source provided on the fixture is used to irradiate 

25 the tissue at the treatment site after the perfusion of the photoreactive agent 
through the tissue has been enhanced by heating the tissue, to administer the 
photodynamic therapy. 

The fixture preferably includes a first light source that emits light having a 
first waveband, which substantially overlaps a characteristic absorption waveband 

30 of the drug delivered to the tissue at the treatment site and which is energized to 
administer the photodynamic therapy. A second light source on the fixture emits 
light having a second waveband substantially different from the first waveband. 
The second light source comprises the means for heating, where the second 
waveband of the light emitted by the second light source heats the tissue, but 

35 generally are not used to implement PDT. The first and second light sources 
preferably comprise an array of light emitting solid state devices. 
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Another step of the method provides for monitoring a temperature of the 
tissue at the treatment site, producing a signal indicative of the temperature. The 
means for providing heat are then controlled in response to the signal indicative of 
the temperature of the tissue at the treatment site, so that the temperature does not 
exceed a level likely to cause vascular damage. 

In one preferred embodiment, the treatment site is internal to a patient's 
body, and the fixture is disposed at the internal treatment site to provide heat and 
to administer the photodynamic therapy. The fixture of this embodiment 
comprises a probe that is adapted to be left within the patient's body for an 
extended period of time while PDT is administered. In another use of the present 
invention, the drug that infuses throughout the heated tissue is employed for a 
medical treatment other than PDT. 

Instead of using a light source to produce heating of the treatment site, a 
resistive element can be employed to generate heat. The resistive element can be 
coupled to a power source using conductors that are separate from those supplying 
power to the light source used for PDT so that the light source and resistive 
element can be separately controlled. 

An alternative embodiment uses a light source for both PDT and as the 
means for heating the treatment site. In this embodiment of the invention, the 
light source can be activated prior to administration of the drug, to heat the 
treatment site, and then de-energized. After the drug is administered, the light 
source is again activated to provide the light required for PDT. 

In addition to enhancing the perfusion of the drug in tissue at the treatment 
site, heat applied to the treatment site can be used to release the drug from a drug 
25 carrier. Heat sensitive drug carriers such as liposomes and polymers are usable 
for this purpose. 

Another aspect of the present invention is directed to an apparatus for 
increasing a perfusion of a drug through tissue at a treatment site where PDT is to 
be administered. The apparatus generally includes components that implement 
30 functions consistent with the steps and other details of the method described 
above. 

Brief Description of the Drawing Figures 

The foregoing aspects and many of the attendant advantages of this 
invention will become more readily appreciated as the same becomes better 
35 understood by reference to the following detailed description, when taken in 
conjunction with the accompanying drawings, wherein: 
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FIGURE 1 is a schematic view showing a tumor, a PDT probe, and a 
portion of a syringe that is being used to inject a drug into the tumor; 

FIGURE 2 is a schematic block diagram of a first embodiment of the 
present invention, showing an implantable fixture having a separate heat source 
5 and light source for respectively applying heat and PDT to an internal treatment 
site, a controller, and a temperature sensor for monitoring the temperature of 
tissue at the treatment site; 

FIGURE 3 is a schematic block diagram of a second embodiment of the 
present invention, which is similar to that of FIGURE 2, except that the heat 
1 0 source and light source comprise an array of LEDs; 

FIGURE 4 is a schematic block diagram of a third embodiment of the 
present invention, which is similar to the first, except that the controller is separate 
from the fixture; 

FIGURE 5 is a schematic block diagram of a fourth embodiment of the 
15 present invention, which is similar to the second embodiment, except that the 
controller is separate from the fixture; 

FIGURE 6 is a schematic block diagram of a data transmitter and receiver 
for transmitting a temperature signal to an external monitor; 

FIGURE 6A is a schematic block diagram of the controller; 
FIGURE 7 is a schematic diagram of a thermocouple used for a 
temperature sensor to monitor the temperature of tissue at the treatment site; and 

FIGURE 8 is a schematic block diagram showing a portion of an 
implantable probe in accord with the present invention. 

Description of the Preferred Embodiments 
25 A treatment site 10 within a patient's body (not otherwise shown) is 

schematically illustrated in FIGURE 1. At treatment site 10, a tumor 12 
comprising cancerous or other abnormal tissue having a generally amorphous 
shape is illustrated by a dashed line. The present invention is intended for 
applying medical treatment to tumor 12 with the expectation that the abnormal 
30 tissue will be killed thereby, eliminating the tumor or at least substantially 
reducing its size. As explained above in the Background of the Invention, and in 
much greater detail in U.S. Patent No. 5,445,608, which has been incorporated 
herein, a PDT probe 14 can be implanted within a patient's body at treatment 
site 10 to deliver PDT for an extended period of time. PDT probe 14 includes a 
35 plurality of solid state light sources, such as light emitting diodes (LEDs), laser 
diodes, electroluminescent devices, resistive filament lamps, or vertical cavity 
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surface emitting lasers (VCSELs), which are not separately shown in FIGURE 1. 
To effect PDT, a photoreactive agent is infused into the abnormal tissue 
comprising tumor 12. Since the photoreactive agent is preferentially absorbed by 
the abnormal tissue rather than by the surrounding normal tissue, the effect of 
5 PDT on the abnormal tissue of the tumor is substantially more pronounced than its 
effect on the surrounding normal tissue. 

In FIGURE 1, a syringe 16 coupled to a needle 18 is illustrated in a 
position for infusing the photoreactive agent into tumor 12. It is also 
contemplated that the photoreactive agent can be delivered to tumor 12 in other 
10 ways, such as by a general infusion of the reagent into a patient's vascular system, 
orally, or by delivery through a lumen of a catheter coupled to PDT probe 14; the 
electrical leads attached to probe 14 are generally represented by a line 15 in 
FIGURE 1. Alternatively, a heat sensitive drug carrier such as a liposome or a 
polymer can carry the drug to the treatment site so that when the treatment site is 
1 5 heated by the PDT probe, the drug carrier releases the drug into the treatment site 
so that the drug infuses throughout the tissue at the site. 

In connection with the present invention, PDT probe 14 comprises a 
fixture, such as fixture 20 as shown in FIGURE 2. This fixture may have several 
different configurations or embodiments, others of which are illustrated in 
20 FIGURES 3-5. In the first embodiment shown in FIGURE 2, fixture 20 is 
coupled to a power supply 22. Power supply 22 may comprise a battery source, 
which is disposed within the patient's body, either at the same site as the PDT 
probe, or at a different location. Alternatively, power supply 22 may be disposed 
externally, and coupled through leads 15 to the PDT probe. It is also 
25 contemplated that if disposed internally, electrical power may be transferred from 
outside the patient's body to the power supply using a source of infrared light that 
passes readily through the dermal layer of a patient's body. The infrared light is 
thus received by a photovoltaic transducer (not shown) disposed within the 
patient's body. Alternatively, power may be supplied from an external source 
30 using an electromagnetic field. In this approach, an external coiled conductor, 
which is energized from an alternating current (AC) or pulsating direct current 
(DC) source can electromagnetically couple power to a conductor coil disposed 
within the patient's body. The power thus supplied can be used directly or for 
charging a storage battery disposed within power supply 22. Further details 
35 concerning the various alternatives usable to energize power supply 22 are not 
discussed herein, since they do not directly relate to the present invention. 
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A controller 24 in the first embodiment of fixture 20 is connected to a heat 
source 26 and to a separate light source 28. Preferably, light source 28 comprises 
a plurality of LEDs; however, it is also contemplated that other types of solid state 
light sources such as laser diodes, VCSELs, filament lamps, or electroluminescent 
5 devices can be used instead. Light source 28 emits the light that is employed for 
PDT after the photoreactive agent is infused into the abnormal tissue comprising 
tumor 12. Accordingly, light emitted by light source 28 has a characteristic 
waveband corresponding to an absorption waveband of the photoreactive agent. 

In this embodiment, heat source 26 comprises either a light source or a 

10 resistance element that produces heat due to the flow of an electrical current 
through the device. Although a separate heat source is illustrated, light source 28 
can instead be used to both provide heating of the treatment site and supply light 
to implement PDT. Thus, the light source can be initially energized to heat the 
treatment site, then de-energized until after the drug is administered, and 

15 re-energized to provide light of the required waveband to effect the PDT. 
However, it is preferable to use heat source 26 separate from light source 28, since 
more versatile control of the two sources is then possible. Unlike light source 28, 
heat source 26 emits energy within a waveband that is substantially different than 
the absorption waveband of the photoreactive agent. Instead, the waveband of 

20 energy emitted by the heat source is suitable for supplying heat to tissue at the 
treatment site. 

Increasing the temperature of the tissue at the treatment site provides 
several benefits in connection with administering PDT. Specifically, the elevated 
temperature of the tissue caused by energy emitted from heat source 26 is believed 

25 to cause an increase in the flow of blood, both in the normal tissue surrounding 
tumor 12, and in the vascular system of the tumor itself. The increased flow of 
blood is believed to enhance the perfusion of the photoreactive agent or other drug 
that is injected into the abnormal tissue at the treatment site. 

The preheating of the treatment site to a temperature less than 40°C for a 

30 time interval of from 20-60 minutes prior to administering PDT is optionally 
combined with heating of the treatment site after (or while) PDT is administered. 
The elevated temperature of the tissue in tumor 1 2 prior to administering PDT is 
believed to enhance the effects of PDT by increasing drug uptake into the 
abnormal tissue at the treatment site, substantially improving the efficacy of the 

35 therapy. Thus, more abnormal tissue is killed for a given exposure time, 
compared to the result that would be obtained absent preheating of the tissue at the 
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treatment site. It is expected that substantial further benefits can be achieved after 
PDT is administered, by heating the treatment site to a temperature in the range of 
40°-45°C for a time interval of from 20-60 minutes. The time and temperature 
parameters for any hyperthermia treatment applied, before, during, and after PDT 
5 is administered will likely vary depending upon the type of abnormal tissue being 
treated, the power dissipated by the heat source, the type of drug being infused 
into the treatment site, and other variables. Thus, more specific values for these 
variables will depend upon empirical clinical results yet to be determined. 

To avoid heating normal tissue to a level that might cause vascular 

10 damage, a temperature sensor 30 is provided in fixture 20 to monitor the 
temperature at the treatment site. Temperature sensor 30 produces a signal in 
response to the temperature of the tissue that is input to controller 24. 
Controller 24 in turn controls an electrical current supplied to energize heat 
source 26 to maintain the temperature at a set point and/or to prevent the 

15 temperature of the tissue from exceeding a predefined level at which vascular 
damage might be expected. 

FIGURE 7 illustrates a preferred embodiment of temperature sensor 30, 
wherein the temperature sensor comprises a thermocouple that is disposed on the 
fixture. Temperature sensor 30 is coupled through leads 60 and 62 to a reference 

20 junction 64, which preferably simulates a predefined temperature, such as the ice 
point (0°C) of water. The voltage differential between temperature sensor 30, 
which is exposed to a temperature T s , and the reference point, which is nominally 
at a reference temperature T R , is indicative of the temperature sensed by 
temperature sensor 30. It is also contemplated that other types of temperature 

25 sensors, such as a resistance temperature device, or a thermistor could be used 
instead of a thermocouple junction for monitoring the temperature at the treatment 
site. These and other types of temperature sensors are well known to those of 
ordinary skill in the art. 

After applying heat to the tumor for a predefined period of time, e.g., for 

30 20-60 minutes or sufficiently long to achieve a desired temperature rise at the site, 
as determined by temperature sensor 30, heat source 26 is de-energized by 
controller 24. Either during or after heating of the abnormal tissue in tumor 12 
and the surrounding tissue, the photoreactive agent is injected into tumor 12. As 
noted above, the increased temperature of the abnormal tissue comprising the 

35 tumor increases the perfusion of the photoreactive agent throughout the tumor. 
Controller 24 deactivates heat source 26 and activates light source 28 to effect 
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PDT in a sequence that depends upon the particular type of protocol desired. As 
noted above, the heat source can be selectively energized to heat the tissue at the 
treatment site, before, during, and/or after PDT is administered. 

Following administration of PDT, heat is applied to the treatment site for 
5 an appropriate time, e.g., for 20-60 minutes, so as to elevate the temperature of the 
treatment site to a desired level, e.g., 40°-45°C for a desired time, e.g., 
20-60 minutes. The efficacy of the PDT treatment or other drug therapy is 
improved because of the elevated temperature of the treatment site. It may also be 
desirable to apply heat to the treatment site during PDT to further improve the 

1 0 efficacy of the therapy. 

In the preferred embodiment, PDT probe 14 is designed to be left in place 
within the patient's body for an extended period of time, during which PDT is 
conducted. However, it is also contemplated that other types of PDT probes may 
be used that are not designed to be implanted. Such probes will include a 

1 5 substantially higher intensity light source to effect PDT during a shorter period of 
time, e.g., while an internal treatment site is exposed during a surgical procedure, 
or to an external treatment site. For some types of tumors, it is possible that even 
a relatively low intensity light source can have the required effect upon the 
abnormal tissue as a result of the improvements achieved by applying heat to the 

20 treatment site. Accordingly, such a probe might effectively be used during a 
surgical operation, while the treatment site is exposed. In contrast, an implantable 
probe is designed to be left in place within a patient's body at the treatment site. 
The implantable probe may be placed endoscopically or while the treatment site is 
exposed by an incision. 

25 Referring now to FIGURE 3, a second embodiment of a fixture 20' is 

shown. Fixture 20' is identical to fixture 20, except that on fixture 20', the heat 
source and light source are combined and comprise an array of heat emitting and 
PDT LEDs 32. Controller 24 is coupled to this array and determines whether the 
heat emitting LEDs or PDT LEDs are energized. The heat emitting LEDs 

30 preferably emit light in the infrared waveband. Again, temperature sensor 30 
provides a signal indicative of the temperature at the treatment site for purposes of 
controlling the heat source LEDs and for preventing an excessive temperature rise 
at the treatment site, which might cause vascular damage to the normal tissue 
surrounding the tumor. 

35 Referring to FIGURE 8, further details of PDT probe 14 are illustrated, 

showing an array of heat LEDs and PDT LEDs 32 enclosed in a transparent 
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biocompatible envelope 82. In this probe, an elongate substrate strip 70 includes 
two parallel conductive traces 72 and 74 formed on a surface thereof. A plurality 
of heat source LEDs 76 are arranged in spaced-apart array, so that the cathodes of 
each of the LEDs comprising the heat source are coupled electrically to 
5 conductive trace 74. Aluminum flywires 80 (or other conductors) are connected 
to the anode of each of the LEDs comprising the heat source and extend over to 
conductive traces 72, where they are electrically coupled. Similarly, PDT 
LEDs 78 have their cathodes electrically mounted on conductive trace 72 and an 
aluminum flywire 80 extends from the anode of each of the PDT LEDs to connect 
10 electrically to conductive trace 74. Depending upon the polarity of DC voltage 
applied across conductive traces 72 and 74 by controller 24, either the heat source 
LEDs or PDT LEDs will be energized. However, it will be apparent that only one 
of these two types of LEDs is energized at a time, based upon the polarity of the 
DC voltage applied to the two conductive strips. Thus, controller 24 initially 
15 energizes the heat source LEDs to heat the treatment site to the desired 
temperature, and then changes the polarity applied to conductive traces 72 and 74 
to de-energize the heat source LEDs and energize the PDT LEDs. Those of 
ordinary skill in the art will appreciate that other techniques for selectively 
energizing the heat source and PDT LEDs can be used besides the approach used 
20 in this preferred embodiment. For example, separate pairs of conductive traces 
may be coupled to the heat source LEDs and to the PDT LEDs so that by 
selectively applying the appropriate DC voltage to the conductive traces 
connected to either the heat source LEDs or PDT LEDs, the controller can 
selectively control the types of LEDs energized at any given time. Further, if an 
25 AC voltage is applied to the probe, both sets of LEDs will be energized, one set 
by the positive waveform and the other set of LEDs by the negative waveform. 
Each set of LEDs (or each set of other types of light emitting devices) can be 
independently controlled to emit light of selected magnitude by independently 
controlling the magnitude or duration of the positive and negative waveform 
30 portions of the AC voltage applied thereto, as will be understood by those of 
ordinary skill in the art. Pulsed DC voltage can also be applied to independently 
control the intensity of each set of LEDs or other light sources as a function of the 
duty cycle of the respective positive and negative DC pulses. 

In FIGURE 4, a fixture 34 is illustrated that differs from fixture 20 because 
35 a controller 36 is separate from fixture 34 instead of being included on it. 
Specifically, controller 36 is either disposed at a separate location internally 
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within the patient's body, or is coupled to the fixture through leads that extend 
externally of the patient's body. In all other respects, fixture 34 is identical to 
fixture 20. By moving controller 36 to a point separate from fixture 34, the size of 
the fixture may be reduced, since the elements comprising controller 36 need not 
5 be fitted within the fixture. 

A fixture 34' is shown in FIGURE 5 that is identical to fixture 20' in 
FIGURE 3, except that a controller 36 is not included in fixture 34' with the 
temperature sensor and array of heat source and PDT LEDs. The same comments 
regarding controller 36 apply in connection to the embodiment of FIGURE 5. 

10 In FIGURE 6, details of a data transmitting section 40 of the controller 

that is optionally used for transmitting a temperature telemetry signal from inside 
the patient's body and details of an external receiving section 50 for receiving the 
telemetry signal are shown. When data transmitting section 40 is employed, the 
temperature sensor signal produced by temperature sensor 30 is input to an 

1 5 amplifier 42, which amplifies the signal, increasing its voltage. The amplified 
signal from amplifier 42 is input to a radio frequency (RF) transmitter 44, where it 
is used to modulate an RF signal that is transmitted by an antenna coil 46. The 
signal transmitted by antenna coil 46 comprises the temperature telemetry data 
signal that is picked up by an antenna coil 52 in receiving section 50, which is 

20 disposed outside the patient's body. An RF receiver 54 demodulates the signal 
from antenna coil 52, recovering the temperature at the treatment site. This 
temperature appears on a temperature display 56 so that it can be monitored by a 
physician or other medical personnel. As a further option, it may be desirable for 
the physician to be able to transmit a signal back to the controller to modify the 

25 set point limit used in controlling the heat source. To enable that option, the 
controller must also be provided with a receiver section and must respond to an 
externally transmitted signal that modifies the set point limit. 

In FIGURE 6A, further details of controller 24/36 are illustrated. 
Amplifier 42 is again used to amplify the temperature sensor signal, increasing its 

30 voltage. The amplified signal from amplifier 42 and a predetermined limit set 
point are input to a limit comparator 58. If the temperature of the tissue at the 
treatment site exceeds the limit set point, limit comparator 58 de-energizes the 
heat source/heat source LEDs by interrupting the electrical current from the power 
supply to protect the normal tissue adjacent the treatment site from harm due to 

35 overheating. As those of ordinary skill in the art will understand, a more 
sophisticated temperature control scheme (not shown) can be used in place of the 
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limit comparator to continuously maintain the temperature of the tissue at the 
treatment site at a desired set point level. 

In addition to improving the perfusion of a photoreactive agent into the 
treatment site, it is also contemplated that the heat applied to a treatment site prior 
5 to initiating PDT can be used to improve the rate at which other types of drugs are 
perfused throughout the treatment site. Such drugs might presensitize the tumor 
site to enhance PDT or may improve the binding of the photoreactive agent to the 
abnormal tissue at the treatment site. Examples of drugs that might be used 
include heat sensitive liposomes and antibody conjugates. 

10 Although the present invention has been described in connection with the 

preferred form of practicing it, those of ordinary skill in the art will understand 
that many modifications can be made thereto within the scope of the claims that 
follow. Accordingly, it is not intended that the scope of the invention in any way 
be limited by the above description, but instead be determined entirely by 

1 5 reference to the claims that follow. 
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The invention in which an exclusive right is claimed is defined by the 
following: 

1 . A method for increasing a perfusion of a drug through tissue at a 
treatment site where photodynamic therapy is to be administered, comprising the 
steps of: 

(a) positioning a fixture that emits light for use in 
administering the photodynamic therapy, so that the fixture is disposed adjacent to 
the treatment site, said fixture further including means for providing heat; 

(b) energizing the means for providing heat to supply heat to 
the tissue at the treatment site, said heat raising the temperature of the tissue; and 

(c) delivering the drug to the tissue at the treatment site, an 
elevated temperature of the tissue caused by the heat increasing the perfusion of 
the drug through the tissue at the treatment site to enhance an effect of the drug on 
the tissue. 

2. The method of Claim 1, wherein the drug comprises a 
photoreactive agent, further comprising the step of supplying light from a light 
source on the fixture to irradiate the tissue at the treatment site after the perfusion 
of the photoreactive agent through the tissue has been increased by heating the 
tissue, said light being used to administer the photodynamic therapy. 

3. The method of Claim 1, wherein the fixture includes a plurality of 
light sources, said means for providing heat comprising at least a portion of the 
light sources. 

4. The method of Claim 2, wherein the fixture includes: 

(a) a first light source that emits light having a first waveband 
that substantially overlaps a characteristic absorption waveband of the drug 
delivered to the tissue at the treatment site, said first light source being energized 
to administer the photodynamic therapy; and 

(b) a second light source that emits light having a second 
waveband substantially different from the first waveband, said second light source 
comprising the means for providing heat, light emitted by the second light source 
thus heating the tissue, but generally not effecting the photodynamic therapy. 
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5. The method of Claim 2, wherein the means for providing heat 
comprise a light source that is also used for emitting the light employed to 
administer the photodynamic therapy. 

6. The method of Claim 5, wherein the light source comprises an 
array of light emitting solid state devices. 

7. The method of Claim 1 , further comprising the steps of: 

(a) monitoring a temperature of the tissue at the treatment site, 
producing a signal indicative of the temperature; 

(b) controlling the means for providing heat in response to the 
signal indicative of the temperature of the tissue at the treatment site so that said 
temperature does not exceed a level that would cause vascular damage at the 
treatment site. 

8. The method of Claim 1, wherein the treatment site is internal to a 
patient's body and the fixture is disposed at the internal treatment site to provide 
heat and administer the photodynamic therapy, said fixture comprising a probe 
that is adapted to be left within the patient's body for an extended period of time, 
while the photodynamic therapy is administered. 

9. The method of Claim 1, wherein the drug is used for a medical 
treatment other than the photodynamic therapy. 

10. The method of Claim 1, wherein the means for providing heat 
comprise a resistance heating element that produces heat in response to an 
electrical current flowing through the resistance element. 

11. The method of Claim 1, wherein the treatment site is heated to an 
elevated temperature prior to delivering the drug to the tissue at the treatment site. 

1 2. The method of Claim 1 , wherein the drug is carried to the treatment 
site by a heat sensitive drug carrier that releases the drug when the treatment site 
is heated to an elevated temperature. 
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13. Apparatus for increasing a perfusion of a drug through tissue at a 
treatment site where photodynamic therapy is to be administered, comprising: 

(a) a fixture configured to be placed at the treatment site, for 
administering the photodynamic therapy; and 

(b) means for heating the tissue at the treatment site to increase 
the perfusion of the drug into the tissue, said means for heating being disposed on 
the fixture. 

14. The apparatus of Claim 13, further comprising a light source 
disposed on the fixture, wherein the treatment site is disposed internally within a 
patient's body, and wherein the fixture comprises a probe that is adapted to be 
inserted internally within the patient's body at the treatment site, said light source 
being capable of emitting light that is directed toward the tissue at the treatment 
site to effect the photodynamic therapy. 

15. The apparatus of Claim 14, wherein said drug comprises a 
photoreactive agent having a characteristic light absorption waveband, and 
wherein the light source comprises a plurality of light emitting devices mounted to 
the fixture, at least a portion of said light emitting devices producing light having 
a waveband corresponding to the characteristic absorption waveband of the 
photoreactive agent. 

16. The apparatus of Claim 15, wherein the means for heating the 
tissue comprise a plurality of light emitting devices that are mounted to the fixture 
and produce light having a waveband substantially different than the characteristic 
absorption waveband of the photoreactive agent. 

17. The apparatus of Claim 16, wherein the means for heating and the 
light source are each selectively separately controlled. 

18. The apparatus of Claim 13, wherein the means for heating 
comprise a plurality of light emitting devices arranged in a spaced-apart array. 

19. The apparatus of Claim 13, further comprising a temperature 
sensor disposed on the fixture, said temperature sensor producing a signal 
indicative of a temperature of the tissue at the treatment site. 



WO 98/04317 



-16- 



PCT/US97/11050 



20. The apparatus of Claim 19, further comprising means for 
controlling the means for heating in response to the signal indicative of the 
temperature, so that the temperature of the tissue does not exceed a level that 
causes vascular damage. 

21. The apparatus of Claim 20, wherein the means for controlling are 
disposed internally within a patient's body. 

22. The apparatus of Claim 20, wherein the means for controlling are 
disposed externally of a patient's body. 

23. The apparatus of Claim 20, further comprising a transmitter 
coupled to the fixture to receive the signal produced by the temperature sensor for 
transmission as a wireless telemetry signal from inside the patient's body. 

24. The apparatus of Claim 23, further comprising a receiver disposed 
outside the patient's body, said receiver receiving the wireless telemetry signal, 
and displaying the temperature of the tissue. 

25. The apparatus of Claim 20, wherein the means for controlling are 
coupled to the temperature sensor via a lead that extends from the fixture and is 
disposed inside the patient's body. 

26. A method for increasing an efficacy of a photodynamic therapy, 
comprising the steps of: 

(a) applying a photoreactive agent to a treatment site, said 
photoreactive agent have a characteristic absorption waveband; 

(b) directing light toward the treatment site from a fixture used 
to administer the photodynamic therapy, said light having a waveband 
substantially corresponding to the characteristic absorption waveband of the 
photoreactive agent; and 

(c) heating the treatment site after the photodynamic therapy 
has been administered using a heat source that is also disposed on said fixture, 
thereby raising the temperature of the treatment site to increase the efficacy of the 
photodynamic therapy. 

27. The method of Claim 26, wherein the heat source is also used to 
produce the light directed toward the treatment site. 
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28. The method of Claim 26, wherein the heat source comprises a 
source of light that is not used for administering the photodynamic therapy. 

29. The method of Claim 26, wherein the heat source comprises a 
resistive heating device. 

30. The method of Claim 26, further comprising the steps of: 

(a) monitoring a temperature of the treatment site, producing a 
signal indicative of the temperature; 

(b) controlling heat source in response to the signal indicative 
of the temperature of the treatment site so that said temperature does not exceed a 
level that would cause vascular damage. 
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AMENDED CLAIMS 

[received by the International Bureau on 13 November 1997 (13.11.97); 
original claims 4,14,15,19,21,22 and 24 amended; 
remaining claims unchanged (3 pages)] 

1. A method for increasing a perfusion of a drug through tissue at a 
treatment site where photodynamic therapy is to be administered, comprising the 
steps of: 

(a) positioning a fixture that emits light for use in 
administering the photodynamic therapy, so that the fixture is disposed adjacent to 
the treatment site, said fixture further including means for providing heat; 

(b) energizing the means for providing heat to supply heat to 
the tissue at the treatment site, said heat raising the temperature of the tissue; and 

(c) delivering the drug to the tissue at the treatment site, an 
elevated temperature of the tissue caused by the heat increasing the perfusion of 
the drug through the tissue at the treatment site to enhance an effect of the drug on 
the tissue. 

2. The method of Claim 1, wherein the drug comprises a 
photoreactive agent, further comprising the step of supplying light from a light 
source on the fixture to irradiate the tissue at the treatment site after the perfusion 
of the photoreactive agent through the tissue has been increased by heating the 
tissue, said light being used to administer the photodynamic therapy. 

3. The method of Claim 1, wherein the fixture includes a plurality of 
light sources, said means for providing heat comprising at least a portion of the 
light sources. 

4. The method of Claim 2, wherein the fixture includes: 

(a) a first light source that is adapted to emit a light having a 
first waveband that substantially overlaps a characteristic absorption waveband of 
the drug delivered to the tissue at the treatment site, said first light source being 
energized to administer the photodynamic therapy; and 

(b) a second light source that is adapted to emit a light having a 
second waveband substantially different from the first waveband, said second 
light source comprising the means for providing heat, the light emitted by the 
second light source thus heating the tissue, but generally not effecting the 
photodynamic therapy. 
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13. Apparatus for increasing a perfusion of a drug through tissue at a 
treatment site where photodynamic therapy is to be administered, comprising: 

(a) a fixture configured to be placed at the treatment site, for 
administering the photodynamic therapy; and 

(b) means for heating the tissue at the treatment site to increase 
the perfusion of the drug into the tissue, said means for heating being disposed on 
the fixture. 

14. The apparatus of Claim 13, further comprising a light source 
disposed on the fixture, wherein the treatment site is disposed internally of a 
patient's body, and wherein the fixture comprises a probe that is adapted to be 
inserted internally of the patient's body at the treatment site, said light source 
being capable of emitting a light that is directed toward the tissue at the treatment 
site to effect the photodynamic therapy. 

15. The apparatus of Claim 14, wherein the light source comprises a 
plurality of light emitting devices mounted to the fixture, at least a portion of said 
light emitting devices being adapted to produce a light having a waveband 
corresponding to a characteristic absorption waveband of a photoreactive agent 
comprising the drug. 

16. The apparatus of Claim 15, wherein the means for heating the 
tissue comprise a plurality of light emitting devices that are mounted to the fixture 
and produce light having a waveband substantially different than the characteristic 
absorption waveband of the photoreactive agent. 

17. The apparatus of Claim 16, wherein the means for heating and the 
light source are each selectively separately controlled. 

18. The apparatus of Claim 13, wherein the means for heating 
comprise a plurality of light emitting devices arranged in a spaced-apart array. 

19. The apparatus of Claim 13, further comprising a temperature 
sensor disposed on the fixture, said temperature sensor being adapted to produce a 
signal indicative of a temperature of the tissue at the treatment site. 
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20. The apparatus of Claim 19, further comprising means for 
controlling the means for heating in response to the signal indicative of the 
temperature, so that the temperature of the tissue does not exceed a level that 
causes vascular damage. 

21. The apparatus of Claim 20, wherein the means for controlling are 
adapted to be disposed internally of a patient's body. 

22. The apparatus of Claim 20, wherein the means for controlling are 
adapted to be disposed externally of a patient's body. 

23. The apparatus of Claim 20, further comprising a transmitter 
coupled to the fixture to receive the signal produced by the temperature sensor for 
transmission as a wireless telemetry signal from inside the patient's body. 

24. The apparatus of Claim 23, further comprising a receiver disposed 
outside the patient's body, said receiver being adapted to receive the wireless 
telemetry signal and display the temperature of the tissue. 

25. The apparatus of Claim 20, wherein the means for controlling are 
coupled to the temperature sensor via a lead that extends from the fixture and is 
disposed inside the patient's body. 

26. A method for increasing an efficacy of a photodynamic therapy, 
comprising the steps of: 

(a) applying a photoreactive agent to a treatment site, said 
photoreactive agent have a characteristic absorption waveband; 

(b) directing light toward the treatment site from a fixture used 
to administer the photodynamic therapy, said light having a waveband 
substantially corresponding to the characteristic absorption waveband of the 
photoreactive agent; and 

(c) heating the treatment site after the photodynamic therapy 
has been administered using a heat source that is also disposed on said fixture, 
thereby raising the temperature of the treatment site to increase the efficacy of the 
photodynamic therapy. 

27. The method of Claim 26, wherein the heat source is also used to 
produce the light directed toward the treatment site. 
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APPARATUS FOR TISSUE REMODELING 



BACKGROUND OF THF INVENTION 

10 Field of the Invention 

This invention relates to a method and apparatus for modifying a soft tissue 
structure underlying a skin surface, and more particularly to a method and 
apparatus which applies a mechanical force and electromagnetic energy to the soft 
tissue structure. 

15 Description of Related Art 

The correction of a deformity or the esthetic enhancement of a soft tissue 
structure is determined by the balance of the skin envelope as the container and 
soft tissue volume as the contents of the container. An appropriate balance 
between these two components is essential in achieving a successful outcome. 

20 Most plastic surgery procedures are based upon the resection or addition of a soft 
tissue filler with a concomitant modification of the skin envelope. For example, a 
breast that has three dimensional symmetry with the opposite breast must take into 
account both the volume of the soft tissue and the surface area of the breast 
envelope that is required as a container of the tissue. Breast reconstruction after 

25 mastectomy typically involves the insertion of a soft tissue replacement for the 
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removed breast tissue. Either an implant or a tissue flap from the patient is used as 
a soft tissue replacement. Expansion of the breast skin envelope is also required 
and is achieved with a medical device called a breast expander. While most 
reconstructive procedures usually involve the addition of a soft tissue filler with the 
5 expansion of the skin envelope, many esthetic procedures involve the reduction of 
the soft tissue contents with or without a reduction in the skin envelope. 
Reduction in the volume of the soft tissue contents without a concomitant 
reduction in the skin envelope may lead to a relative excess of the skin envelope 
The relative excess will be visualized as loose skin or elastosis. An example of 

10 esthetic enhancement is a procedure called breast reduction. This is performed in 
women who require reduction in the size of their breasts to alleviate shoulder, neck 
and back symptoms. Breast tissue is resected to reduce volume but also requires a 
reduction in the breast skin envelope with extensive surgical incisions. Without 
reduction of the skin envelope of the breast, severe ptosis (droopiness) of the 

1 5 breast will occur. 

Another example is liposuction which may aggravate elastosis because the 
soft tissue content is reduced without reduction in the surface area of the skin 
envelope. The degree of esthetic contour reduction is limited by the preexisting 
looseness of the skin envelope. Typically, liposuction involves the removal of 

20 subcutaneous fat through a suction cannula inserted through the skin surface. 
Excess suctioning of fat will aggravate any preexisting elastosis. Any other 
modality that reduces subcutaneous fat through dieting or ablation of fat cells is 
likely to aggravate a preexisting elastosis if a concomitant reduction of the skin 
envelope does not occur. This is especially true in the hip and thigh area where a 

25 condition called "cellulite" is due to a preexisting looseness of skin. Many patients 
have a more severe looseness of skin in the hip and thigh area that would be 
aggravated by any fat removal. Skin tightening procedures that involve large 
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surgical incisions result in severe scarring to the thigh and hip area that are a poor 
tradeoff to any esthetic contour reduction. 

There is a need for a method and apparatus to achieve skin tightening 
without major surgical intervention. There is a further need for a method and 
apparatus to achieve skin tightening by the controlled remodeling of collagen in the 
skin and underlying fibrous partitions of the subcutaneous fat. Still a further need 
exists to tighten a skin envelop with minimal skin or underlying subcutaneous 
tissue cell necrosis. Yet another need exists to provide a method and apparatus for 
the controlled remodeling of collagen in tandem with subcutaneous fat ablation in 
which a net tightening of the skin envelope occurs with an esthetic contour 
reduction. 



SUMMARY OF THE TNVFNTTOM 

Accordingly, an object of the invention is to provide a method and 
apparatus to tighten skin. 

Another object of the invention is to provide a method and apparatus to 
tighten skin without major surgical intervention. 

Yet another object of the invention is to provide a method and apparatus to 
tighten skin with controlled remodeling of collagen. 

A further object of the invention is to provide a method and apparatus that 
delivers a mechanical force and electromagnetic energy to a tissue site to change a 
skin surface. 

A further object of the invention is to provide a method and apparatus that 
delivers a mechanical force and electromagnetic energy to a tissue site to change 
the contour of a soft tissue structure. 

These and other objects of the invention are achieved in an apparatus to 
modify a skin surface or a soft tissue structure underlying the skin surface. A 
template has a soft tissue mechanical force application surface. The mechanical 
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force application surface is configured to apply pressure to the soft tissue 
structure. An energy delivery device is coupled to the template. The energy 
delivery device is configured to deliver sufficient energy to the template to form a 
template energy delivery surface. 

In one embodiment, a template means is configured to apply the mechanical 
force to the soft tissue structure at the mechanical force application surface. An 
energy delivery means is coupled to the template means and provides a controlled 
delivery of electromagnetic energy to the skin surface that does not exceed 1,000 
joules/cm2 during a single treatment session. A combination of the mechanical 
force and the controlled delivery of electromagnetic energy changes a contour of 
the soft tissue structure. 

In another embodiment, a method of operating an apparatus for modifying 
a structure provides an apparatus that includes a template means configured to 
receive a structure and apply a mechanical force. The apparatus also includes an 
energy delivery means coupled to the template means to provide a controlled 
delivery of electromagnetic energy to the structure not exceeding a dose rate of 10 
joules/sec/cm2. Sufficient mechanical force and electromagnetic energy is 
delivered to the structure to remodel at least a portion of the structure. 

The mechanical force application surface can be a positive pressure 
application surface that applies compression to the soft tissue structure or a 
negative pressure application surface that creates an extension of the soft tissue 
structure. Application of the mechanical force and delivery of the energy has a 
variety of different effects including but not limited to, (i) tightening the skin 
surface, (ii) smoothing the skin surface, (iii) improving a compliance of the skin 
surface, (iv) improving a flexibility of the skin surface, (v) remodeling of collagen 
in the soft tissue structure, (vi) cleaving collagen cross-links to remodel collagen, 

(vii) remodeling of collagen in the soft tissue structure with reduced cell necrosis, 

(viii) cleaving collagen cross-links and contracting a longitudinal axis of a collagen 



4 



WO 98/05286 



PCTYUS97/13607 



fibril, (ix) cleave collagen cross-links and extend a longitudinal axis of a collagen 
fibril, (x) cleaving collagen cross-links and shearing of a collagen fibril matrix, (xi) 
directing converging and diverging mechanical forces to the skin surface to smooth 
the skin surface and tighten the skin surface, (xii) directing converging and 
5 diverging mechanical forces to the soft tissue structure to create a three- 
dimensional contouring of the soft tissue structure, (xiii) creating a compressive 
force to collagen in the underlying soft tissue structure and (ix) delivering sufficient 
pressure and creating an extension force to collagen in the underlying soft tissue 
structure 

10 The mechanical force can, (i) create a compressive force to collagen in the 

underlying soft tissue structure, (ii) create an extension force to collagen in the 
underlying soft tissue structure and (iii) create a shearing force in the underlying 
soft tissue structure. 



15 BR FRF DFSCRTPTTON OF THF FTGT IRRS 

Figure 1 is a cross-sectional view of a template of the present invention. 

Figure 2 is a lateral section view of the template illustrated in Figure 1 . 

Figure 3 illustrates intramolecular cross-linking of collagen. 

Figure 4 illustrates intermodular cross-linking of collagen. 
20 Figures 5 and 6 are two graphs illustrating a probability of collagen 

cleavage with changing bond strength at 37 degrees C. 

Figure 7 is a top down view of a skin surface, illustrating the peaks and 
valleys of the surface and the vectors applied to the surface by the application of a 
mechanical force. 

25 Figure 8 is a cross-sectional view of the skin surface illustrated in Figure 7. 

Figure 9 is a cut-away view of the skin surface, with troughs and ridges, 
and underlying subcutaneous soft tissue. 



5 



WO 98/05286 



PCT/US97/13607 



Figure 10(a) is a lateral perspective view of a telescoping segment of a 
breast expander useful with the apparatus of Figure 1. 

Figure 10(b) is a front perspective view of the breast expander of Figure 

10(a). 

5 Figure 10(c) illustrates a bra which functions as the template of Figure 1 . 

Figure 10(d) is a lateral cross-sectional perspective view of a partially 
expanded breast expander within a breast 

Figure 10(e) is a lateral cross-sectional perspective view of a fully 
expanded breast expander within a breast. 
10 Figure 1 1 illustrates a template in the form of a garment. 

Figure 12(a) illustrates a template that is positioned over a nose. 
Figure 12(b) illustrates a template that is positioned over an ear. 
Figure 13 is a perspective view of a template that is useful in the cervix. 
Figure 14 is a cross-sectional view of the template of Figure 13. 
1 5 Figure 1 5 (a) is a lateral perspective view of a template positioned over a 

nose. 

Figure 1 5(b) is a perspective view of the template of Figure of 1 5(a) 
Figure 1 5(a) is a front view of an orthodontic appliance that includes RF 
electrodes. 

20 Figure 15(b) is perspective view of an orthodontic appliance template of 

the device of Figure 1 . 

Figure 15(c) is cross-sectional view of the template of Figure 15(b) 
Figure 16 illustrates a template made of a semisolid material that becomes 
more conforming to underlying soft tissue upon the application of a mechanical 
*25 force. 

Figure 17 illustrates a template with an adherent or suction mechanical 
force delivery surface that permits manual manipulation of skin and soft tissue 
structures. 
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Figure 18 is a schematic diagram of an analog embodiment of the controller 
for use in the apparatus of Figure 1 . 

Figures 19 through 22 represent a schematic block diagram of a 
microprocessor controlled impedance monitoring apparatus for controlling RF 
5 energy delivered by the apparatus of Figure 1 . 

DETAILED 

Referring now to Figures 1 and 2, an apparatus 10 to modify a skin surface 
or a soft tissue structure underlying the skin surface. A template 12 includes a soft 
tissue mechanical force application surface 14 and a receiving opening 16 to 
10 receive a body structure. Mechanical force application surface 14 is configured to 
receive the body structure and apply pressure to soft tissue in the body structure. 
An energy delivery device 18 is coupled to template 12. Energy delivery device 18 
is configured to deliver sufficient energy to template 1 2 to form a template energy 
delivery surface 20 at an interior of template 12 
1 5 Mechanical force application surface 14 can apply pressure, suction, 

adhesion and the like in order to create an extension or compression of the soft 
tissue collagen containing structure and/or the skin surface. 

Energy delivery device 18 and an energy source may be a single unit or 
each can be separate. Suitable energy sources 22 include but not limited to, 
20 resistive heating, RF, coherent and incoherent light, microwave, electrical, thermal, 
magnetic, frictional heating, ultrasound, liquid thermal jet and cryogenic fluids 
Energy delivery device 1 8 can form an energy delivery surface 20 in template 1 2 
which can be the same size as mechanical force application surface 14. 

Template 12 applies both a mechanical force and delivers energy to, (i) 
25 tighten the skin, (ii) smooth the surface of the skin, (iii) improve a compliance of 
the skin surface, (iv) improve a flexibility of the skin surface and (v) provides 
cellular remodeling of collagen in soft tissue anatomical structures. Mechanical 
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force application surface 14, (i) is at least partially conforming to the skin surface, 
(ii) may apply a substantially even pressure to the soft tissue anatomical structures 
and (iii) can apply a variable pressure to the skin surface and underlying soft tissue 
structures. The combined delivery of electromagnetic energy and a mechanical 
5 force is used to create a three-dimensional contouring of the soft tissue structure. 
The amount of mechanical force applied by mechanical force application surface 
14, (i) is sufficient to achieve a smoothing effect of the skin surface, (ii) can be less 
than the tensile strength of collagen in tissue and (iii) is sufficient to create vectors 
that cleave collagen cross-links to remodel collagen containing structures. 
10 Template 12 can include a reverse thermal gradient device 23 which may be 

a closed loop cooling channel positioned in the interior of template 12. Reverse 
thermal gradient device can be positioned at mechanical force application surface 
14. 

A sensor 21 is positioned at template energy delivery surface to monitor 
15 temperature, impedance and the like. Suitable sensors 21 include impedance and 

thermal devices. Sensor 21 is used to control the delivery of energy and reduce the 
chance of cell necrosis at the surface of the skin as well as damage to underlying 
soft tissue structures. Sensor 21 is of conventional design, including but not 
limited to thermistors, thermocouples, resistive wires, and the like A suitable 
20 thermal sensor 21 includes a T type thermocouple with copper constantene, J type, 
E type, K type, fiber optics, resistive wires, thermocouple IR detectors, and the 
like. 

Apparatus 10 is designed for the specific energy requirements of each type 
of bond within the collagen matrix. Collagen crosslinks may be either 
25 intramolecular (hydrogen bond) or intermolecular (covalent and ionic bonds). 

Hydrogen bonds are disrupted by heat. Covalent bonds may be cleaved with the 
stress created from the hydrogen bond disruption and the application of an external 
mechanical force. Cleavage of ionic bonds may be achieved with an alternating 
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electrical moment in addition to the application of an external mechanical force that 
is applied by template 12. The strength of a hydrogen bond is relatively weak and 
can be thermally disrupted without ablation of tissue. The in vitro thermal 
cleavage of the hydrogen bond crosslinks of tropocollagen can result in the 
5 molecular contraction of the triple helix up to one third of its original length. 
However, in vivo collagen exists in fibrils that have extensive intermolecular 
crosslinks that are covalent or ionic. These covalent and ionic crosslinks are 
stronger and cannot be easily disrupted with heat. These intermolecular bonds are 
the main structural determinants of matrix strength and morphology. In vivo 
10 thermal disruption of intramolecular hydrogen bonds will not by itself result in a 

significant change in matrix morphology. As the intermolecular crosslinks are heat 
stable, cleavage may occur by a secondary process which can be the result of 
thermal disruption of intramolecular hydrogen bonds. In the non-polar region of 
the collagen fibril, intermolecular covalent bonds predominate (intramolecular 
1 5 covalent bonds are also present but are fewer in number). 

These intermolecular covalent crosslinks increase with age, see Figures 3 
and 4 As a result, the solubility of the collagen matrix in a soft tissue structure is 
reduced with this maturation process. Although tensile strength is increased, the 
collagen containing tissue becomes less compliant. Cleavage of an intermolecular 
20 bond requires approximately 1 ev of energy and can not be accomplished by heat 
without thermal ablation of tissue. In addition, covalent bonds are not strongly 
polar and will not be significantly affected by an RF current at this reduced power 
level. Cleavage of intermolecular covalent bonds that result in matrix remodeling 
without ablation is achieved by the stress created from the thermal disruption of 
25 intramolecular hydrogen bonds. Additional remodeling stress can be provided with 
the application of an external force that has the appropriate orientation to the fibrils 
of the matrix. Ionic bonds are essentially intermolecular and are present in the polar 
regions of the fibril. Although slightly weaker than covalent bonds, thermal 
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disruption cannot occur without ablation of tissue. An RF field is an effective 
means to cleave these bonds and is created by the an in phase alternating ionic 
motion of the extracellular fluid. Frequency modulation of the RF current may 
allow coupling to the ionic bonds in the polar regions of the fibril. Remodeling of 
a target site may be optimized by the selection of a band of the spectrum that is 
target site specific in order to reduce collateral damage. If an optimized intrinsic 
absorption is insufficient then a selective medium may be provided to alter the 
absorption in order to discriminate various soft tissue structures. This may be 
achieved by altering the absorption. By altering the extra-cellular fluid content of a 
soft tissue in specific ways, the delivery of energy to a target tissue site is achieved 
with minimal damage to collateral structures such as skin and adjacent soft tissue 
structures. 

The reforming of bonds at the same bond sites will diminish the remodeling 
process. Relaxation phenomena may inhibited with the application of an external 
mechanical force that separates bond sites but allows the reforming of these 
covalent and ionic bonds in a lengthened or contracted morphology This can be 
the underlying biophysical process that occurs with the controlled remodeling of 
the collagen matrix. Ground substance may also function to diminish relaxation of 
crosslinks through competitive inhibition. Chondroitin sulfate is a highly charged 
molecule that is attached to a protein in a "bottle brush" configuration. This 
configuration promotes attachment at polar regions of the fibril and reduces the 
relaxation of ionic bonds in this region. As a consequence, immature soluble 
collagen, which has fewer intermolecular crosslinks and contains a higher 
concentration of ground substance, may be more easily remodeled. The induction 
of scar collagen through the wound healing sequence may also facilitate the 
remodeling process within a treatment area. 

The cleavage of a collagen crosslink requires has an energy threshold. 
Collagen cleavage in tissue is a probability event. There is a greater probability 
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that a collagen bond will be cleaved with higher temperatures. Cleavage of 
collagen bonds will occur at lower temperatures but at a lower frequency. Low 
level thermal cleavage is frequently associated with relaxation phenomena in which 
there is not a net change in molecular length. An external force that mechanically 
cleaves the fibril may reduce the probability of relaxation phenomena. The 
application of an external force will also provide a means to lengthen or contract 
the collagen matrix at lower temperatures while reducing the potential of surface 
ablation. The cleavage of crosslinks with collagen remodeling may be occurring at 
a basal metabolic temperature that is expressed morphologically as the process of 
aging. Although the probability for significant cleavage in a short period of time is 
small, aging may be expressed as a low level steady state of collagen remodeling 
with the external force of gravity that becomes very significant over a period of 
decades. Hydrogen bonds which are relatively weak (.2 ev to .4 ev) are formed 
within the tertiary structure of the tropocollagen molecule. 

Thermal disruption of these bonds can be achieved without ablation of 
tissue, i.e., cell necrosis. The probability of hydrogen bond disruption at a certain 
temperature can be predicted by statistical thermodynamics. If a Boltzmann 
distribution is used to calculate the probability of bond disruption then a graph 
illustrating the relationship between bond strength and the probability of bond 
disruption at a certain temperature can be produced Graphs of the probability of 
cleavage at 37 degrees centigrade with various bond strengths are shown in 
Figures 5 and 6. 

Different morphological expressions of aging may be due to the effect of 
gravity upon the matrix of a particular area. In areas of the skin envelope in which 
gravity lengthens the matrix, elastosis of skin will occur. In contrast to skin aging 
certain anatomical structures, such as joint ligaments, will appear to tighten with 
the aging process. The reduced range of motion may be due in part to the vertical 
vector of gravity contracting the matrix of a vertically aligned ligament. However, 
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most of the "tightening" or reduced range of motion of joints may not be secondary 
to a contracted matrix but is due to reduced flexibility of the matrix caused by 
increased intramolecular cross-linking that occurs with aging. Essentially, the 
controlled remodeling of collagen is the reversal of the aging process and involves 
the reduction in the number of intermolecular crosslinks. As a result the remodeled 
matrix becomes less brittle. Greater flexibility of the soft tissue has several 
functional advantages including an increased range of motion of component joints. 

When the rate of thermal cleavage of intramolecular crosslinks exceeds the 
rate of relaxation (reforming of hydrogen bonds) then the contraction of the 
tertiary structure of the molecule can be achieved. No external force is required 
for this process to occur. Essentially, the contraction of the tertiary structure of the 
molecule creates the initial intermolecular vector of contraction The application of 
an external mechanical force during thermal cleavage will also affect the length of 
the collagen fibril and is determined by the overall sum of intrinsic and extrinsic 
vectors that is applied during a cleavage event. Collagen fibrils in a matrix exhibit 
a variety of spatial orientations. The matrix is lengthened if the sum of all vectors 
act to distract the fibril. Contraction of the matrix is facilitated if the sum of all 
extrinsic vectors acts to shorten the fibril Thermal disruption of intramolecular 
bonds and mechanical cleavage of intermolecular crosslinks is also affected by 
relaxation events that restore preexisting configurations. However, a permanent 
change of molecular length will occur if crosslinks are reformed after lengthening 
or contraction of the collagen fibril. The continuous application of an external 
mechanical force will increase the probability of crosslinks forming alter 
lengthening or contraction of the fibril. 

The amount of (intramolecular) hydrogen bond cleavage required will be 
determined by the combined ionic and covalent intermolecular bond strengths 
within the collagen fibril. Until this threshold is reached little or no change in the 
quaternary structure of the collagen fibril will occur. When the intermolecular 
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stress is adequate, cleavage of the ionic and covalent bonds will occur. Typically, 
the intermolecular cleavage of ionic and covalent bonds will occur with a 
ratcheting effect from the realignment of polar and non-polar regions in the 
lengthened or contracted fibril The birefringence (as seen with the electron 
5 microscope) of the collagen fibril may be altered but not lost with this remodeling 
process. The quarter staggered configuration of the tropocollagen molecules in the 
native fiber exhibits a 680 A banding which either lengthens or contracts depending 
on the clinical application. The application of the mechanical force with template 
12 during the remodeling process determines if a lengthen or contracted 

10 morphology of the collagen fibril is created. An external force of contraction will 
result in the contraction of the tertiary and quaternary structure of the matrix 
With the application of an external distraction force, intramolecular contraction 
may still occur from the intrinsic vector that is inherent within its tertiary 
structure. However, overall lengthening of the quartenary structure of the fibril 

1 5 will occur due to the mechanical cleavage of the intermolecular bonds 

Contraction of the tertiary structure with overall lengthening of the collagen fibril 
can alter the birefringence of the matrix. The altered periodicity will be exhibited 
in the remodeled matrix that will correlate to the amount of lengthening achieved 
Delivery of both electromagnetic energy and mechanical energy to the 

20 selected body structure involves both molecular and cellular remodeling of 

collagen containing tissues. The use of low level thermal treatments over several 
days provides an additional way to contract skin with minimal blistering and cell 
necrosis. Cellular contraction involves the initiation of an inflammatory/wound 
healing sequence that is perpetuated over several weeks with sequential and 

25 lengthy low level thermal treatments. Contraction of skin is achieved through 

fibroblastic multiplication and contraction with the deposition of a static supporting 
matrix of nascent scar collagen. This cellular contraction process is a biological 
threshold event initiated by the degranulation of the mast cell that releases 



13 



WO 98/05286 



PCT/US97/13607 



histamine. This histamine release initiates the inflammatory wound healing 
sequence. 

Molecular contraction of collagen is a more immediate biophysical process 
that occurs most efficiently with electromagnetic energy delivery devices, including 
5 but not limited to RF electrodes. The clinical setting is physician controlled and 
requires more precise temperature, impedance, and energy delivery monitoring to 
avoid blistering of the skin. Measured impedance will vary with the frequency of 
the electromagnetic energy applied to the skin surface and/or underlying soft tissue 
structure. 

10 Patients may be treated with one or both modalities to achieve the optimal 

esthetic result. Refinements to the treatment area may be required using apparatus 
10 in the physician's office. 

However, tightening of a skin surface may accentuate any preexisting 
contour irregularities. For this reason, conforming esthetic template 12 is used to 

1 5 smooth surface contour irregularities. Essentially, the application of a mechanical 
force upon the collagen matrix involves both contraction or distraction of the 
selected soft tissue structure to achieve a smoother contour. Thermal (or em) 
cleavage of collagen crosslinks when combined with a mechanical force creates 
vectors that contract, distract or shear the longitudinal axis of the fibril. A vector 

20 space is created with the combination of a scalar component (heat) and a vector 

(an externally applied mechanical force). The vectors within this vector space vary 
depending upon the specific morphology. For example, the peaks and valleys of 
cellulite will have different vectors when uniform external compression is applied. 
As illustrated in Figures 7 and 8, template 12 produces converging and diverging 

25 vectors that smooth surface morphology by contracting (valleys) and distracting 
(peaks) the collagen matrix in a soft tissue structure Diverging vectors on the 
peaks lengthen the collagen matrix while converging vectors in the valleys contract 
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and compact the collagen matrix The overall result is the smoothing of an 
irregular skin surface. 

Apparatus 1 0 may also be used to treat wrinkling of the skin. The 
treatment of skin wrinkles is shown in Figure 9. In a skin wrinkle the vectors are 
directed perpendicular to the troughs and ridges of this contour deformity. 
Diverging vectors at the ridges of the skin converge in the trough of the wrinkle to 
smooth the surface morphology The collagen matrix is distracted or extended at 
the ridges and contracted in the valleys. The overall result is the smoothing of the 
wrinkled skin surface. 

Linear scars exhibit a similar morphology and can be remodeled with 
apparatus 10. Any surface irregularity with depressions and elevations will have 
vectors directed to the lowest point of the deformity. Prominent "pores" or acne 
scaring of the skin have a similar pattern to cellulite but on a smaller scale and can 
also be treated with apparatus 10. Clinically, the application of the mechanical 
force reduces the power required to remodel the matrix and diminishes cell 
necrosis of the skin surface as well as underlying soft tissue structures. 
Compression alters the extracellular fluid of the soft tissue structure (collagen) and 
exerts electrical impedance and thermal conductivity effects that allow delineation 
of a conduit-treatment interface of the collagen containing tissues. A deeper 
dermal interface will contract skin and exert three dimensional contour effects 
while a more superficial interface will smooth surface morphology. 

In circumstances in which expansion of the skin envelope is needed, the 
combined application of heat and pressure is also required. For breast 
reconstruction, expansion of the skin envelope is typically achieved with each 
inflation of a subpectoral breast expander. Figures 10(a) and 10(b) illustrate an 
expander with an RF receiver electrode. A telescoping segment with an RF energy 
source is incorporated with access valve and is used to expand a nipple areolar 
donor site for Pectoralis "Peg" Procedure. The segmental expander can also be 
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used to prepare the recipient site for delayed autologous "Peg" Flap. The pressure 
that is exerted on the skin and the periprosthetic scar capsule is from the inside. In 
this application, vectors are directed outward. As an adjunct to this expansion 
process, a controlled thermal pad may be incorporated into a bra, as illustrated in 
Figure 10(c), which can be applied to the inferior pole of the breast skin to 
promote lengthening of collagen fibril within the skin and underlying scar capsule 
around the expander. The bra may also function as an external conforming 
template 12 to achieve a specific breast shape. The net result is the creation of a 
more esthetic breast reconstruction with three dimensional characteristics of the 
opposite breast. In a like manner, other garments can be utilized as external 
conforming templates for other anatomical body structures. 

In Figure 10(d) a breast expander is partially expanded within the breast. 
In Figure 10(e), the expander is fully expanded within the breast 

Template 12 applies a mechanical force in combination with the delivery of 
energy , with minimal cell necrosis to the skin surface and underlying soft tissue 
structure, to remodel collagen both esthetically and functionally Template 12 can 
be in a variety of different forms including but not limited to a garment that is 
illustrated in Figure 1 1 Energy source 22 can be directly incorporated into the 
fabric of a tight fitting garment or inserted as a heating/RF pad into a pocket of the 
garment. Another example of a garment is a tight fitting bra that extends over the 
arm and waistline with zone control that provides contraction of the skin of the 
breast, arms, and waistline to a variable amount to create a desired three- 
dimensional figure. Functional remodeling of collagen containing structures 
include a variety of different applications for aesthetic remodeling. 

As shown in Figures 12(a) and 12(b), template 12 can be a garment 
positioned over the nose, a garment positioned around the ear, and the like. 

Template 12 can also be applied for functional purposes. Referring now to 
Figures 13 and 14, pre-term cervical dilation can be treated with a template 12 
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that is the impression "competent" cervix. The cervical template 12 create 
vectors that contract the circumference of the cervix. The incorporated energy 

delivery device 18 contracts the native matrix and induces scar collagen. The 
dilated cervical OS is tightened and the entire cervix is strengthened. Energy 
delivery device 18 can be incorporated into template 12 which can be the 
cervical conformer and inserted as a vaginal obturator. It will be appreciated 
that template 12 can be utilized for other functional treatments. 

In another embodiment, template 12 is a functional appliance that may 
be non conforming and can be separate or incorporated with the energy delivery 
device 18, Orthodontic braces that are designed with energy delivery device 18 
are used to remodel dental collagen and apply rotation and inclination vectors 
on the neck of the tooth which is devoid of enamel. In Figure 15(a) orthodontic 
braces are coupled to RF electrodes and associated power source. The 
orthodontic braces function as a non-conforming force application surface that 
is coupled to incorporated RF electrodes. Figures 15(b) and 15(c) illustrates a 
orthodontic appliance that is a conforming template 12 coupled to RF 
electrodes. As a consequence, orthodontic correction is more rapidly achieved 
than current modalities that employ only mechanical forces. Orthodontic 
correction can also be achieved with a conforming template 12 that is the 
corrected impression of the patient's dentition. 

For orthopedic applications, an external fixation device is used as a non 
conforming functional appliance. This appliance is used in tandem with an 
energy source device, including but not limited to RF electrodes, that remodels 
the collagen of the callus tissue. More accurate alignment of osteotomy and 
fracture sites are possible with either a conforming or nonconforming brace that 
is used in tandem or is directly incorporated into energy delivery device 18. 
Improved range of motion of contracted joints and correction of postural 
(spinal) deformities can be achieved with this combined approach. 
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The ability to remodel soft tissue in anatomical structures other than skin is 
dependent upon the presence of preexisting native collagen. Induction of scar 
collagen is performed in tissue devoid or deficient of native collagen Template 12 
can be used to remodel the subcutaneous fat of hips and thighs in addition to the 
5 tightening of the skin envelope. The convolutions of the ear cartilage can be 

altered to correct a congenital prominence. The nasal tip can be conformed to a 
more esthetically pleasing contour without surgery. 

Template 12 can be used with any modality that remodels collagen. In 
addition to RF (molecular) remodeling of collagen, cellular modalities that invoke 

1 0 the wound healing sequence can be combined with a conforming esthetic template. 
Thermal and chemical sources (glycolic acid) induce a low level inflammatory 
reaction of the skin. Scar collagen induction and fibroblastic (cellular) contraction 
are directed into converging and diverging vectors by a conformer that produces a 
smoother and tighter skin envelope. In addition to achieving a smoother and 

1 5 tighter integument, the texture of the skin is also improved with this remodeling 
process. Older or less compliant skin has a greater number of intermolecular 
crosslinks in the dermal collagen than younger skin. Scar collagen induction with 
cleavage of crosslinks will produce a softer and more compliant skin envelope. 
Referring now to Figures 16 and 17, template 12 can be stationary or 

20 mobile. A hand held conforming template 12 that is mobile provides the 

practitioner with greater flexibility to remodel the collagen matrix. Pressure and 
impedance changes can serve as a guide for the manual application of template 12. 
A hand held template 12 with an incorporated energy source may be applied over a 
conductive garment that provides three dimensional conformance to the treatment 

25 area. Less accessible areas can be remodeled with this particular device. Template 
12 of Figure 16 is made of a semi-solid material that conforms a lax skin envelope 
to an underlying soft tissue structure. The semi-solid material customized the 
creation of force application surface 14 and reduces the need for precise fabrication 
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of an esthetic template. Suitable semi-solid materials include soft plastics that are 
thermally and electrically conductive. 

Controlled remodeling of collagen containing tissue requires an 
electromagnetic device that lengthens or contracts the matrix with a minimum of 
5 cell necrosis. Energy delivery device 18 can include a plurality of RF electrodes 
with or without insulation. The non-insulated sections of the RF electrodes 
collectively form template energy delivery surface 20. In a similar manner, 
microwave antennas, optical waveguides, ultrasound transducers and energy 
delivery or energy remove fluids are used to form template energy delivery surface 

10 20. Individual electrodes and the like can be multiplexed and to provide selectable 
delivery of energy. 

Template 12 delivers both electromagnetic energy and mechanical energy 
to the selected body structure. Suitable body structures include but are not limited 
to, hips, buttocks, thighs, calves, knees, angles, feet, perineum, the abdomen, 

15 chest, back flanks, waistline, legs, arms, legs, arms, wrists, upper arms, axilla, 

elbows, eyelids, face, neck, ears, nose, lips, checks, forehead, hands, breasts and 
the like. 

A variety of different mechanical forces can be applied to tissue including 
but not limited to, (i) pressure, (ii) expansion, (iii) stretching, (iv) extension, (v) 
20 prolongation, or (vi) lengthening. The pressure force can be a positive pressure or 
a negative pressure. Positive pressure provides a compression of collagen 
containing tissue, with converging and diverging vectors, and negative pressure 
creates an extension of collagen containing tissue with converging and diverging 
vectors. 

25 In various embodiments, energy delivery device 18 provides a controlled 

delivery of electromagnetic energy to the skin surface that does not exceed, 1,000 
joules/cm2, or 10 joules/sec/cm2; provides a controlled delivery of electromagnetic 
energy to the skin surface not exceeding 600 joules/cm2 during a single treatment 
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session (during a twenty-four hour period), operates in an impedance range at the 
skin surface, not exceeding 200 joules/cm2 during a single treatment session, or 
not exceeding 10 joules/sec/cm2, operates in an impedance range at the skin 
surface of, 70 ohms cm2 measured at a frequency of 88 Hz to 40 Kohms cm2 
5 measured at a frequency of 1 0 KHz; provides a controlled delivery of 

electromagnetic energy to operate in a range of thermal conductivity at a skin 
surface of 0.21 to O.60 k; operates in a range of compression force applied to the 
skin surface and/or the underlying soft tissue anatomical structure not exceeding 
400 mmHg, not exceeding 300 mm, not exceeding 200 mmHg or not exceeding 

10 100 mmHg. 

Figure 18 illustrates a schematic block diagram of an analog embodiment of 
a specific impedance monitoring device 24 that can be used with apparatus 1 2 and 
be incorporated into a feedback control system. Impedance monitoring device 24 is 
used to control the delivery of electromagnetic and mechanical energy to the skin 

1 5 surface and underlying soft tissue structure to minimize, and even eliminate, cell 
necrosis as well as blistering of the skin surface. Impedance monitoring device 24 
monitors other parameters including but not limited to, if there is an open circuit, 
short circuit or if voltage and current is supplied to the tissue for more than a 
predetermined maximum amount of time. Such conditions may indicate a problem 

20 with apparatus 12 . When energy delivery device 1 8 is one or more RF electrodes, 
a generator 26 supplies RF energy to the energy delivery surface 20 Generator 26 
is turned on by a user operated switch and provides a signal to controller 28 to 
turn on the energy. An output 30 of controller 28 is coupled to an analog switch 
32. When output 30 provides an M RF on" signal to the switch 32 an oscillator 34 

25 coupled to an analog multiplier 36 through switch 32, supplies a voltage of a 
known frequency to analog multiplier 36. An output of analog multiplier 36 is 
coupled to a driver 36 which is coupled to the input of an RF amplifier 40. An 
amplified RF signal is supplied by generator 26 to a circuit 42. Current and 
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voltage delivered to tissue is measured and an RMS current ("I sub RMS ") and an 
RMS voltage ( M V sub RMS M ) are determined. A voltage and current sensor 44 
senses the current and voltage delivered to tissue Voltage and current sensor 44 
includes a low impedance current transformer 46 in series with generator 26 and a 
5 high impedance voltage transformer 48 connected in parallel across generator 26 
Current transformer 46 may have a 1 :20 winding ratio and a 50 ohm resistor in 
parallel with a secondary of low impedance current transformer 46. Voltage 
transformer 48 may have a 20: 1 winding ratio and a IK ohm resistor in parallel 
with the secondary of low impedance current transformer 46. 

1 0 The output of low impedance current transformer 46 is coupled to an RMS 

converter 50. RMS converter 50 converts a sensed current to a DC signal to 
provide output 52, representative of I sub RMS. The output of voltage 
transformer 48 is coupled to an RMS converter 54. RMS converter 54 converts 
the voltage signal into an DC signal and provide output 56, representative of V sub 

15 RMS. 

The measured impedance, Z, is then calculated from the measured I sub 
RMS and V sub RMS. Outputs 56, 54 of V sub RMS and I sub RMS are supplied 
to an analog divider 58 which divides the V sub RMS by the current I sub RMS to 
provide an output signal 60 representative of the measured impedance Z. 

20 From the I sub RMS, V sub RMS and measured impedance Z, impedance 

monitoring circuit 24 determines whether, (i) a short circuit or open circuit 
condition exists, (ii) voltage and current has been delivered for an amount of time 
exceeding a predetermined maximum and (Hi) whether controlled remodeling, 
contraction, tightening, smoothing and the like is complete. 

25 A short circuit condition is determined by comparing measured impedance 

Z to a predetermined short circuit impedance threshold at or below which short 
circuit is likely to exist ("Z sub SC "). If the measured Z is at or below the Z sub 
SC, a short circuit signal is provided to 
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controller 28. 

Impedance signal 60 is input to a short circuit detector 62 comprised of a 
comparator. A positive input 64 of the comparator is connected to a 
potentiometer 66 which sets the threshold impedance, Z sub SC. When impedance 
5 signal 60 causes the input at a negative input 68 of a comparator 70 to be lower 
than that at positive input 64, an "on M condition occurs at an output 72 of 
comparator 70. This condition is communicated to a logic controller which 
provides a preprogrammed response that can include turning off RF energy. 

A current threshold detector 74 includes a potentiometer 76 coupled to a 

10 negative input 78. Potentiometer 76 sets the I sub thresh level so that when a 

current is present, current detector 74 will indicate as such. The I sub RMS signal 
86 is connected to a positive input 80 of current threshold detector 74. Thus, 
when the I sub RMS is greater than the value, I sub thresh, set by the 
potentiometer 76, a positive voltage appears at an output of current threshold 

15 detector 74. 

Similarly, a voltage threshold detector 82 includes a potentiometer 84 
connected to a negative input 86. Potentiometer 84 sets the voltage threshold at 
which threshold detector 82 registers a positive output, V sub thresh, when a 
minimum voltage is present. The V sub RMS signal is input to a positive input 88 

20 of the threshold detector 82. If V sub RMS exceeds V sub thresh set by 

potentiometer 84 a positive voltage appears at an output 90 of voltage threshold 
detector 82. 

Output 90 of the voltage threshold detector 82 is also coupled to an AND 
gate 92 and the output of current threshold detector 74 is coupled to an inverted 
25 input 94 of AND gate 92. AND gate 92 acts as an open circuit detector. When V 
sub RMS exceeds V sub thresh and where the I sub RMS does not exceed I sub 
thresh, a logic l(not shown) will appear at an output 96 of AND gate 92 
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indicating an open circuit. Output 96 of AND gate 92 is coupled to controller 
28 to communicate the open circuit status. 

The output of current threshold detector 74 is coupled to an OR gate 98 
which is coupled to a timer 100. If I sub RMS exceeds I sub thresh, the output of 
5 current threshold detector 74 will present a logic 1 to the OR gate 98 which will 
then turn on the timer 100. 

Similarly output 90 of voltage threshold detector 82 is coupled to OR gate 
98. If V sub thresh is exceeded by V sub RMS, OR gate 98 will present a logic 1 
at its output 102 and turn on timer 100. An output 104 of timer 100 is coupled to 
10 controller 28. When timer 1 00 has been activated for an amount of time that 

exceeds a preset threshold time, T sub max, output 104 will be a logic 1 . Timer 
100 is reset with a user activated switch that is coupled to the timer reset input 
106, when apparatus 10 is reset. 

A continuous comparison is made between Z and f(Z sub min). It should 
1 5 be noted here that f(Z sub min) is continuously calculated as f(Z) until a Z sub min 
is detected. The comparison is continuously made between Z and f(Z) until Z sub 
min is determined. 

If measured Z is less than or equal to the Z sub target then RF energy is 
continued to be supplied and steps described above are carried out until a signal 
20 has been provided to controller 28 that there is an open circuit signal, short circuit 
signal or a time over signal. If the measured Z is greater than or is equal to "Z sub 
target" then a signal is provided to controller 28. It is noted that in this 
embodiment, Z has been inverted and shifted in order to accommodate Z sub min 
determination 

25 A control device which controls an RF generator energy output based on 

load impedance. The load impedance is used to determine a preferred energy level, 
e.g., voltage, current or power level, based on a specific system load curve for 
generator 26, other power sources and/or application. The control device then 
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compares the actual energy level for measured impedance with the desired energy 
level and adjusts the generator output according to the difference between the two, 
i.e., preferably to minimize the difference between the two. 

The specific load curve preferably reflects the voltage, current, power, for 
5 a range of impedance that will optimize performance of apparatus 1 0 for a variety 
of different procedures and anatomical body structures. The load curve may have 
various forms, for example, it may be continuous or may be stepped. The load 
curve may vary from power source to power source, or for different body 
structures and/or applications. In a one embodiment using apparatus 10, different 

10 impedance ranges may be identified at which different energy requirements exist 

Initially tissue impedance is in a lower range. In the lower ranges more current is 
required to provide enough power. A second, mid-range of impedances requires 
enough power to maintain the process. A third range of higher impedances may be 
required at the end of the process. 

1 5 Referring now to Figures 19 through 22 a flow chart illustrates a method 

for carrying out a microprocessor controlled embodiment of the present invention. 
When the system is turned on (block 200), the variables including Z sub min, V 
sub thresh, I sub thresh, time over, and Z sub initial, are initialized (block 201) 
The system continues to look for the activation of the RF switch (block 202) 

20 When the RF switch is turned on, the interrupts are set for RF Switch (block 203), 
for Short Circuit (block 204), and Open Circuit (block 205) so that when one of 
these interrupt conditions occur, the microprocessor automatically goes to the 
instructions associated with block 234. 

After the interrupts are set, the timer is started (block 206). A sequence is 

25 run to check the RF amplifier health (block 207), e.g., to look for an Amplifier On 
signal or to check if certain voltages are in a suitable range. If the amplifier is 
operating properly, RF energy is turned on (blocks 208 and 209). 
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If the amplifier is not operating correctly, an RF Off request is made 
(blocks 209 and 210) and a Hardware Failure Alert flag is set (block 211). The 
system looks for a hardware failure flag (block 233). When the hardware failure is 
detected, the controller provides a hardware failure alert indication and shuts off. 
5 (blocks 243 and 244). 

If hardware failure is not indicated (block 233), then V sub rms and I sub 
rms is read (block 235) to determine if any voltage or current is being supplied by 
the system (block 236) When the system is first initialized, until the instruction to 
turn on energy in block 209 is reached, there should be no current or voltage. If 
1 0 there is a voltage or current with the RF request off, then there is a hardware 

failure. A hardware failure alert is indicated and the program is stopped (blocks 
243 and 244). 

If RF energy is turned on (block 209), then the V sub rms and I sub rms are 
read and the impedance, Z, is calculated by dividing the V sub rms by the I sub 
1 5 rms. (block 212). The controller checks to see if the V sub enable and I sub enable 
flags are set. (block 213). These flags are set when a minimum threshold voltage is 
present and a minimum threshold current 

is delivered through the electrodes of the device, (blocks 214, 215, 216, and 217). 
If the V sub enable and 1 sub enable flags are set (213) the software looks 
20 for a time over condition to determine if the device has been on for a period of 

time in excess of a maximum. If a time over condition is recognized, the timer 

flag is set, RF energy is turned off (blocks 218 and 219) and a hardware failure 

check is run (block 233) 

After looking for a time over condition, the controller checks for a short 
25 circuit or open circuit condition. If a short or open circuit exists, the 

corresponding short circuit or open circuit bit is set (block 220), RF energy is 

turned off (block 221), and a hardware failure check is run 

(block 233). 
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The controller checks again for V sub enable and I sub enable in block 
222, before proceeding to the threshold determining portion of the circuit 
illustrated in Figure 8. If the voltage or current did not exceed V sub thresh or 
I sub thresh in blocks 214 and 216, the controller iterates the sequence beginning 
5 at block 212 for detecting time over, short circuit, open circuit, i.e., the 

coagulation complete detection enable. This enables the device to wait until 
enough current and voltage is delivered to the circuit to check for the coagulation 
complete condition. 

If the V sub enable and 1 sub enable flags are set, the short circuit and open 

10 circuit bits are not set (block 220), and the time over condition does not yet exist 
(block 219), the measured impedance used to determine if coagulation is 
complete as follows. 

The Z initial flag is set during the first iteration and Z sub min is initially 
assigned the measured impedance value (blocks 223-225) Initially, Z sub 

15 min is the same as the measured impedance and thus block 227 is bypassed at 
block 226. A calculation is made of f(Z sub min) (block 
228). As long as the measured impedance is less than the f(Z sub min), the 
sequence is iterated (229, 231). In the next iteration of blocks 223-231, the newly 
measured impedance is compared to the previous measured impedance which has 

20 been assigned Z sub min (block 226). As long as the impedance is decreasing, Z 
sub min will be reassigned the new value of the measured impedance (blocks 
226 and 227) and the steps repeated When the measured impedance is greater 
than or equal to fl[Z sub min), i.e. the threshold impedance, the coagulation 
complete flag is set (block 230). If coagulation complete flag is set, the RF is 

25 turned off (block 232) and the hardware failure check is run. 

If after the initial run through the program a hardware failure alert occurs 
(block 233, 236) or an interrupt occurs, the program determines the cause and 
indicates as such (blocks 233-242). The V sub rms and I sub rms are read, (block 
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235) If no current or voltage is being delivered to the system, the controller 
checks to see if the open circuit, short circuit or time over flags have been set 
(block 237). If so then a signal indicates which flags have been set, and the 
program is returned to start (blocks 240, 242). Similarly, the controller checks for 
the coagulation complete flag (block 239). If there was the coagulation complete 
flag has been set, it will be indicated for ten seconds (block 241). If not, it will be 
indicated as not complete (block 240) and the program will return to point at the 
start (block 242). Preferably the electrical components selected to carry out the 
steps of Figures 17 through 20 are adapted to provide a complete iteration of all 
the steps at least every 1/50 second. 

The foregoing description of a preferred embodiment of the invention has 
been presented for purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise forms disclosed. Obviously, 
many modifications and variations will be apparent to practitioners skilled in this 
art. It is intended that the scope of the invention be defined by the following 
claims and their equivalents. 
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CLATMS 



1 1 An apparatus for modifying a skin surface or a soft tissue structure 

2 underlying a skin surface, comprising: 

3 a template including a mechanical force application surface configured to 

4 apply pressure to the soft tissue structure; and 

5 an energy delivery device coupled to the template, wherein the energy 

6 delivery device is configured to deliver sufficient energy to the template and form a 

7 template energy delivery surface 

1 2. The apparatus of claim 1, wherein the template energy delivery 

2 surface is formed at an interior of the template. 

1 3. The apparatus of claim 1, wherein the mechanical force application 

2 surface is a pressure application surface that applies pressure to the soft tissue 

3 structure. 

1 4. The apparatus of claim 1, wherein the mechanical force application 

2 surface is an compression application surface that creates an extension and 

3 compression of the soft tissue structure. 

1 5. The apparatus of claim 1, wherein application of the mechanical 

2 force and delivery of the energy tightens the skin surface. 

1 6. The apparatus of claim 1, wherein application of the mechanical 

2 force and delivery of the energy smooths the skin surface. 



28 



WO 98/05286 



PCT/US97/13607 



1 7. The apparatus of claim I, wherein application of the mechanical 

2 force and delivery of the energy smooths the skin surface. 

1 8. The apparatus of claim 1, wherein application of the mechanical 

2 force and delivery of the energy to the skin surface improves a compliance of the 

3 skin surface. 

1 9 The apparatus of claim 1, wherein application of the mechanical 

2 force and delivery of the energy to the skin surface improves a flexibility of the soft 

3 tissue structure. 

1 10. The apparatus of claim 1 , wherein application of the mechanical 

2 force and delivery of the energy to the skin surface provides cellular remodeling of 

3 collagen in the soft tissue structure. 

1 11. The apparatus of claim 1, wherein the soft tissue mechanical force 

2 application surface is at least partially conforming to skin surface. 

1 12. The apparatus of claim 1, wherein the soft tissue mechanical force 

2 application surface applies a substantially even pressure to the soft tissue structure. 

1 13. The apparatus of claim 1, wherein the soft tissue mechanical force 

2 application surface supplies a variable pressure to the skin surface. 

1 14. The apparatus of claim 13, wherein the variable pressure applied to 

2 the skin surface applies a substantially even pressure to the soft tissue structure. 
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1 15. The apparatus of claim 1 , wherein the template applies a mechanical 

2 force to the soft tissue structure. 

1 16. The apparatus of claim 15 wherein the mechanical force applied is 

2 sufficient to achieve a smoothing of the skin surface. 

1 17. The apparatus of claim 16 wherein the mechanical force applied is 

2 less than the tensile strength of the collagen. 

1 18. The apparatus of claim 1 5 wherein the mechanical force is sufficient 

2 to create vectors that cleave collagen cross-links and remodels the collagen 

1 19. The apparatus of claim 1 5 wherein the energy delivery device 

2 provides electromagnetic energy to the skin surface. 

1 20. The apparatus of claim 1 , wherein the energy delivery device and 

2 the template are configured to remodel collagen in the soft tissue structure with 

3 reduced cell necrosis. 

1 21 . The apparatus of claim 1 , wherein the template is a garment. 

1 22. The apparatus of claim 1, further comprising: 

2 a sensor positioned at the template and configured to be coupled to an 

3 energy source. 

1 23. The apparatus of claim 22, further comprising: 

2 a feedback control system coupled to the sensor and to the energy delivery 

3 device. 
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1 24. The apparatus of claim 23, wherein the feedback control system 

2 provides a controlled delivery of energy to the energy delivery device. 

1 25. The apparatus of claim 23, wherein the feedback control system is 

2 configured to minimize an ablation of the skin surface. 

1 26. The apparatus of claim 22, wherein the sensor is a thermal sensor. 

1 27. The apparatus of claim 22, wherein the sensor is an impedance 

2 sensor. 

1 28. The apparatus of claim 22, wherein the sensor is a hydration sensor. 

1 29. The apparatus of claim 22, wherein the sensor is a thermal 

2 conductivity sensor. 

1 30. The apparatus of claim 1, wherein the soft tissue conformance 

2 surface substantially conforms to a head structure. 

1 31. The apparatus of claim 1, wherein the soft tissue conformance 

2 surface substantially conforms to a neck structure. 

1 32. The apparatus of claim 1, wherein the soft tissue conformance 

2 surface substantially conforms to a trunk structure. 

1 33. The apparatus of claim 1, wherein the soft tissue conformance 

2 surface substantially conforms to a dental structure. 
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1 34. The apparatus of claim 1 , wherein the soft tissue conformance 

2 surface substantially conforms to a competent cervix. 

1 35. The apparatus of claim 1, further comprising: 

2 a reverse thermal gradient device coupled to the template. 

1 36. The apparatus of claim 35, wherein the reverse thermal gradient 

2 device is a cooling device. 

1 37. The apparatus of claim 35, wherein the reverse thermal gradient 

2 device is a closed loop cooling channel positioned in an interior of the template 

1 38. The apparatus of claim 35, wherein the reverse thermal gradient 

2 device is a closed loop cooling channel positioned at the soft tissue mechanical 

3 force application surface. 

1 39. The apparatus of claim 1, wherein the soft tissue mechanical force 

2 application surface has a size and a geometry configured to deliver sufficient 

3 pressure to create a compressive force to collagen in the underlying soft tissue 

4 structure. 

1 40. The apparatus of claim 1 , wherein the soft tissue mechanical force 

2 application surface has a size and a geometry configured to deliver sufficient 

3 pressure to create an extension force to collagen in the underlying soft tissue 

4 structure. 
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1 41 The apparatus of claim 1, wherein the template is configured to 

2 deliver sufficient electromagnetic energy and pressure to collagen in the underlying 

3 soft tissue structure to cleave collagen cross-links and contract a longitudinal axis 

4 of a collagen fibril 

1 42. The apparatus of claim 1, wherein the template is configured to 

2 deliver sufficient thermal energy and pressure to collagen in the underlying soft 

3 tissue structure to cleave collagen cross-links and extend a longitudinal axis of a 

4 collagen fibril. 

1 43. The apparatus of claim 1, wherein the template is configured to 

2 deliver sufficient electromagnetic energy and pressure to collagen in the underlying 

3 soft tissue structure to cleave collagen cross-links and shear a longitudinal axis of a 

4 collagen fibril. 

1 44. The apparatus of claim 1, wherein the template has a size and 

2 geometry configured to direct converging and diverging mechanical forces to the 

3 skin surface to smooth the skin surface and tighten the skin surface. 

1 45. The apparatus of claim 1, wherein the template has a size and 

2 geometry configured to direct converging and diverging mechanical forces to the 

3 soft tissue structure to create a three-dimensional contouring of the soft tissue 

4 structure. 

1 46. The apparatus of claim 23, wherein the feedback control system 

2 provides a controlled delivery of electromagnetic energy to the skin surface that 

3 does not exceed 1 ,000 joules/cm2. 
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1 47. The apparatus of claim 23, wherein the feedback control system 

2 provides a controlled dose rate of electromagnetic energy to the skin surface of no 

3 more than 10 joules/sec/cm2. 

1 48. The apparatus of claim 23, wherein the feedback control system 

2 provides a controlled delivery of electromagnetic energy to a skin surface to 

3 operate in an impedance range at the skin surface of 70 ohms cm2 measured at a 

4 frequency of 88 Hz to 40 Kohms cm2 measured at a frequency of 1 0 KHz. 

1 49. The apparatus of claim 23, wherein the feedback control system 

2 adjusts a frequency of the electromagnetic energy to correspond to a selected 

3 energy delivery dose rate at the skin surface. 

1 50, The apparatus of claim 23, wherein the feedback control system 

2 adjusts a frequency of the electromagnetic energy to correspond to a selected 

3 temperature at the skin surface. 

1 51. The apparatus of claim 23, wherein the feedback control system 

2 provides a controlled delivery of electromagnetic energy to operate in a range of 

3 thermal conductivity at a skin surface of 0.21 to 0.60 k 

1 52. The apparatus of claim 23, wherein the feedback control system 

2 provides a controlled delivery of electromagnetic energy to operate in a range of 

3 compression force applied to the soft tissue structure not exceeding 400 mmHg. 

1 53. The apparatus of claim 23, wherein the energy delivery device is an 

2 RF electrode and the feedback control system provides a controlled delivery of 
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3 electromagnetic energy to operate with a frequency modulation of 250 KHz to 4 

4 MHz. 

1 54. The apparatus of claim 23, wherein the energy delivery device is a 

2 dielectric heating delivery device and the feedback control system provides a 

3 controlled delivery of electromagnetic energy in the range of 4 MHz to 60 MHz. 

1 55. The apparatus of claim 23, wherein the energy delivery device is a 

2 microwave antenna and the feedback control system provides a controlled delivery 

3 of electromagnetic energy in the range of 91 5 MHz to 2,450 MHz. 

1 56. The apparatus of claim 23, wherein the feedback control system 

2 comprises: 

3 an energy control signal generator that generates an energy control signal 

4 to control energy supplied from an energy source to the energy delivery device; 

5 and 

6 an impedance measurement circuitry coupled to said energy delivery 

7 device and measure an impedance of a selected site at the skin surface. 

1 57. The apparatus of claim 56, wherein the impedance measuring 

2 circuitry determines a minimum impedance value to determine a target impedance 

3 value as a function of the minimum impedance value and compares the measured 

4 impedance values to the target impedance value and alter the control signal when 

5 said measured impedance value exceeds the target impedance value. 

1 58. The apparatus of claim 56, further comprising: 
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2 an energy source configured to supply energy to the energy delivery device, 

3 wherein the energy source is responsive to the control signal to supply energy to 

4 the energy delivery device. 

1 59. The apparatus of claim 56, wherein the impedance measuring 

2 circuitry comprises: 

3 a first device for determining the minimum impedance value; 

4 a target determining device coupled to the first device configured to 

5 determine the target impedance value as a function of the minimum impedance 

6 value; and 

7 a first comparison device for comparing measured impedance values to the 

8 target impedance value and generating a signal indicating whether the measured 

9 impedance value exceeds the target impedance value. 

1 60. The apparatus of claim 23, wherein the impedance 

2 measurement circuitry includes a microprocessor controller. 
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BACKGROTrND OF THE INVE NTION 

Field of the Invention 

This invention relates generally to a method for contracting collagen containing tissue and 
tightening skin, and more particularly, to a method for tightening skin by modifying the impedance 
and/or the thermal conductivity of tissues. 

Description of Related Art 

The human skin is composed of two elements: the epidermis and the underlying 
dermis. The epidermis serves as a biological barrier to the environment. In the basilar layer 
of the epidermis, pigment-forming cells called melanocytes are present. They are the main 
determinants of skin color. 

The underlying dermis provides the main structural support of the skin. It is 
composed mainly of an extracellular protein called collagen. Collagen is produced by 
fibroblasts and exists as a triple helix with three polypeptide chains that are connected with 
heat labile and heat stable chemical bonds. When collagen is heated, alterations in the 
physical 



properties of this protein occur at a characteristic temperature. This 
structural transition occurs in a manner analogous to the melting of a 
crystal. However, just as there is a "melting" temperature, there is a 
"shrinkage" temperature. The shrinkage of collagen is the basis for the 
technology and applications discussed in this presentation. 

Soft tissue contraction is a biophysical phenomenon that occurs at 
cellular and molecular levels. Molecular contraction or denaturization of 
collagen involves the application of an energy source which results in the 
breaking of the heat labile bonds of the triple helix. As a result the 
longitudinal axis of the molecule contracts. This is essentially an 
immediate extracellular process, whereas cellular contraction requires a 
lag period for the migration and multiplication of fibroblasts into the 
wound as provided by the wound healing sequence. These cells 
differentiate into contractile myofibroblasts and are the source of cellular 
soft tissue contraction. Following cellular contraction, collagen is laid 
down as a static supporting matrix in the tightened soft tissue structure. 
Subsequent contraction can then be achieved by the molecular 
denaturization of collagen. 

For example, tissue shrinkage with the denaturization of collagen 
occurs in second degree burns and is typically applied as a standard 
thermal gradient that is hotter on the surface and cooler in the underlying 
dermis. In these burn patients, cellular contraction and partial 
denaturization of dermal collagen results in a tightening effect on the skin. 
In contrast to the standard thermal gradient of a burn, the present 
invention provides a means to apply a reverse thermal gradient in which 
the skin's underlying collagen-containing layers are heated instead of the 
epidermis. Contraction of the skin and underlying soft tissue is possible 
without ablation or a second degree burn with its inherent blistering and 
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pigmentary irregularities. In a broader context, a reverse thermal gradient 
can also be described as a reverse gradient of collagen contraction in 
which collagen is preferentially contracted within a target tissue 
regardless of its relationship to a surface structure. Unwanted thermal 
effects and collagen contraction on adjacent soft tissue structures are 
avoided. Because collagen is found in tendon, bone, cartilage and all 
other connective tissue throughout the body, reverse thermal gradient 
contraction of collagen tissue can have many applications. 

The selective induction of the basic wound healing process serves 
as the basis for the second major application of the present invention. In 
higher developed animal species, the wound healing response to injury 
involves an initial inflammatory process that subsequently leads to the 
deposition of scar tissue. The initial inflammatory response consists of 
the infiltration by white blood cells or leukocytes that dispose of cellular 
debris. Seventy-two hours later, proliferation of fibroblasts at the injured 
site occurs. These cells then produce scar collagen that functions as the 
main structural support of a healed wound. The deposition and 
subsequent remodeling of this nascent scar matrix provides the means to 
alter the consistency and geometry of soft tissue for both aesthetic and 
reconstructive purposes. 

There exists an aesthetic need to contract skin without the scars, 
surgical risks or pigmentary side effects of commonly employed 
techniques. These techniques include surgical resection of skin and the 
use of lasers and chemical peels to bum the skin and achieve a tighter, 
more youthful appearance. Understandably, many patients are hesitant to 
subject themselves to these procedures, even though an overall aesthetic 
improvement is likely. 
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heat. Heat generated in the tissue around the electrode is influenced by 
several factors: distance from the electrode, RF current intensity and 
frequency, tissue impedance, shrinkage temperature (Ts), heat dissipation, 
and duration of application of the RF current. Manipulation of these 
factors will allow for a more precise delivery of RF-generated heat to a 
target tissue while preserving the integrity of the skin. 

There is a further need to discriminate various soft tissue structures 
by altering their relative absorption of electromagnetic radiation. More 
specifically, the preferential delivery of thermal energy to a soft tissue will 
allow a variety of applications from ablation to thermal conduction. By 
altering the extra-cellular fluid content of a soft tissue in specific ways, 
the delivery of thermal energy to a target tissue is achieved with minimal 
damage to skin and adjacent soft tissue structures. 

SUMMARY OF THE TNVFNTTON 

Accordingly, an object of the invention is to provide a method for 
tightening skin by the use of RF or other energy sources, including 
ultrasound, to promote a thermal conduction rather than ablation of 
collagen containing tissue. 

Another object of the invention is to provide a method for 
tightening skin using multiple port focusing separately or combined with 
other energy sources 

A further object of the invention is to provide a method for 
tightening skin through the management of conduction/convection energy 
losses in the soft tissue system. 

Still a further object of the invention is to provide a method for 
tightening skin by altering tissue impedance achieved through surface 
hydration to increase conductance, injection of conducting and resisting 
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Skin resection procedures are limited in their application due to 
inherent scars. With face-lift procedures, scars can be hidden around the 
contour of the ear, thus providing an acceptable trade-off between the 
surgical scar and the aesthetic improvement. Surgical resection of skin on 
the hips, thighs, arms, knees and legs, however, provides only a modest 
improvement with fairly unsightly scarring. In addition, patients must 
undergo a post-operative phase of healing that may be both painful and 
inconvenient. Other risk factors, such as bleeding and infection, may 
prolong healing. 

Liposuction is effective at removing fat in some areas, however it 
does not tighten the skin envelope. Skin resurfacing techniques that 
secondarily tighten excess skin (such as laser and chemical peels) employ 
a "standard thermal gradient" that requires burning off the superficial skin 
as a second degree burn. The thermal effects of collagen contraction in 
the deeper dermis occur, but require a painful healing phase due to the 
second degree burn. These modalities depend upon re-epithelialization 
with cell migration from the skin appendages. This process of re- 
epithelialization is similar to the healing of any thermal bum and is more 
likely to cause pigmentary irregularities due to the destruction of 
melanocytes in the epidermis. 

A need exists for the use of radio frequency (RF) energy to achieve 
a reverse thermal gradient, controlled contraction of collagen containing 
tissue and the tightening of skin. With RF energy, a high frequency 
alternating current (usually 100,000 to 500,000 Hz) flows from a parallel 
series of electrodes into tissue. Ionic agitation is produced in the tissue 
around the electrode as the ions attempt to follow the changes of direction 
of the alternating current. This agitation results in frictional heating so 
that the tissue, rather than the electrode itself, is the primary source of 
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fluids, invoking the inflammatory stage of the wound healing sequence to 
increase conduction and/or manipulation of collagen deposition and 
maturation. 

Another object of the present invention is to provide a method for 
5 tightening skin by decreasing the shrinkage temperature of collagen by 

chemically altering molecular and fiber stability. 

Yet another object of the present invention is to provide a method 
for tightening skin by modifying the thermal insulation characteristics of 
the skin to be more of a thermal conductor. 
10 These and other objects of the invention are achieved in a method 

for tightening skin. An electromagnetic energy delivery device, with an 
energy delivery surface, is positioned with at least a portion of the energy 
delivery surface on a skin surface. Electromagnetic energy is delivered 
from the energy delivery surface through the skin surface, through the 
1 5 skin and to an underlying collagen containing tissue. An impedance of at 

least a portion of the skin or the underlying collagen containing tissue is 
modified. At least a portion of the collagen containing tissue is contracted 
and the surface of the skin is tightened. 

In another embodiment, a thermal conductivity of the skin is modified 
20 to achieve skin tightening. 

BRIEF DESCRIPTION OF THE FIGURES 
Fig. 1 is a perspective view of an apparatus for applying electromagnetic 
energy through the skin in order to cause a partial denaturization of collagen 
tissue, resulting in a tightening of the skin. 
25 Figure 2 is a cross-sectional view of the skin and underlying tissue. 

Figure 3 is a schematic representation of the collagen network. 
Fig. 4 is a schematic diagram of an apparatus for applying 
electromagnetic energy to underlying subcutaneous layers or deeper soft tissue 
layers to create a desired contour effect by partially denaturing collagen tissue, 
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and without substantially modifying melanocytes and other epithelial cells in the 
epidermis. 

Figure 5 is a block diagram of an RF system which can be utilized with 
the present invention. 

Figure 6 is a block diagram of processing circuit of one embodiment of 
the invention. 



For purposes of this disclosure, the following definitions apply: 
Pre-Existing or Native 



Thermal Induction of 

Scar Collagen Deposition A non-ablative neosynthetic process of 



DETAILED D ESCRIPTION 



Collagen 



The protein substance of the white fibers 
(collagenous fibers) of skin, tendon, one, 
cartilage, and all other connective tissue. 



collagen deposition as a reaction to 
inflammation induced by thermal injury. The 
resulting collagen is frequently referred to as 
nascent, as opposed to pre-existing. 



Standard Thermal 



Gradient 



The thermal content of soft tissue that is 



greater on the skin surface. 



Reverse Thermal 



Gradient 



A non-ablative remodeling effect upon either 
pre-existing or nascent scar collagen. 
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Reverse Gradient of 

Collagen Contraction A tissue environment in which collagen is 

preferentially contracted within a target tissue 
regardless of its relationship to adjacent or 
5 surface structures. 

Contraction of Collagen Morphological change that is produced by the 

cellular or molecular contraction of collagen- 
containing tissues. 

10 

Tissue Impedance (TI) The resistance in tissue to the flow of energy 

or current. 

Tissue Conductance The transmission of energy or current through tissue. 

15 

Convection The transfer of heat from one place to another 

by the movement of heated particles of gas or 
liquid. 

20 Conduction Process by which heat is transferred through 

matter, without transfer of the matter itself. 

Fibroblast The connective tissue cell that produces 

collagen and is the source of cellular 
25 contraction. 

Radiofrequency (RF) 
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Energy 



The segment of the electromagnetic spectrum 
(wavelengths 10-3 to 10 5 meters) that is 
released as thermal energy in tissue when ions 
are agitated by a high frequency alternating 
current. 



Current Density 



The amount of current in tissue per square 
area. 



10 



Ultrasound 



The use of high frequency sonic energy that is 
released as thermal energy in tissue due to the 
agitation of component ions. 



15 



Cellular Contraction 



The morphological change of collagen 
containing tissue that is due to the contractile 
properties of the fibroblast. 



Molecular Contraction An extracellular process that is due to the non- 
ablative denaturization of the collagen 

20 molecule. 

The present invention provides for the thermal shrinkage, or 
tightening of skin without the destruction of the overlying epidermis. 
Skin tightening with a reverse thermal gradient (hereafter "RTG") 
contraction of collagen can correct areas such as the thighs, knees, arms, 

25 back and hips without unsightly scarring of standard techniques. Areas 

previously corrected by surgical procedures, such as face and neck lifts, 
could also be corrected without requiring surgery or the typical incisions 
around the ear. Elastosis, or stretching of the abdominal skin from 
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pregnancy, could be corrected without the long scar commonly associated 
with an abdominoplasty. Breast uplifts (mastopexies) would no longer 
require extensive incisions. It is believed that RTG contraction of 
collagen could be an effective, non-invasive alternative for the aesthetic 
5 treatment of these areas. RTG contraction of collagen could also be 

employed in areas not effectively treated by standard surgical techniques. 
Treatment of "cellulite" of the thighs and hips is one example. 

Overall, the achievement of a RTG is the selective non-ablative 
contraction of collagen without thermal damage to surface and adjacent 

10 conducting tissues. Various modalities are available, (i) RF or other 

energy sources (ultrasound) that promote thermal conduction rather than 
ablation, (ii) multiple port focusing separately or combined with other 
energy sources, (iii) management of conduction/convection energy losses 
in the soft tissue system, (iv) alterations of tissue impedance (physical 

15 manipulation, surface hydration to increase conductance, injection of 

conducting and resisting fluids, invoking the inflammatory stage of the 
wound healing sequence to increase conduction, manipulation of collagen 
deposition and maturation, (v) decreasing the shrinkage temperature (Ts) 
of collagen by chemically altering molecular and fiber stability, and/or 

20 providing a mechanism to make the skin more of a thermal conductor than 

a thermal insulator. 

Firming of soft tissue, such as the subcutaneous fat layer of the 
thighs, hips and breasts, with thermal induction of scar collagen 
deposition would provide a significant aesthetic benefit to patients by 

25 increasing the consistency of the soft tissue. Along with tightening of 

skin, the contour and consistency of subcutaneous tissue is enhanced 
without recourse to surgical procedures. As the device used does not 
require surgery, the method is more of an aesthetic treatment, rather than 
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an invasive operation. Other physicians (i.e. dermatologist or plastic 
surgeon) would initially administer treatments. Eventually, aestheticians 
could potentially be certified to administer these treatments, thereby 
greatly increasing access of their clients to this technology. Expansion of 
5 the marketplace into health spas as a franchise is certainly a possibility 

with these methods and medical devices. 

Typically, the subcutaneous fat layers have loculations from 
fibrous septae that contain collagen. These fibrous septae can be 
contracted to tighten the soft tissue in areas such as the hips and thighs. 

10 Along with these extracellular effects of collagen, intracellular effects 

upon the fat cell, or lipocyte, by thermal induction will cause a net 
reduction of fat from the lipocyte which will achieve a net reduction in 
volume of the treated area. A second device (such as ultrasound focused 
at the appropriate level on the subcutaneous tissue) may be used in 

1 5 tandem with the RTG (RF device) heating pad to achieve liposculpture of 

the treated area. 

A second broad application of RTG contraction of collagen 
involves the induction of scar collagen deposition. Thermal induction can 
incite the wound healing sequence of fibroblast proliferation with nascent 

20 scar deposition in soft tissues normally devoid or deficient of collagen. 

By introducing a carefully controlled thermal injury to structures that do 
not contain pre-existing collagen, it is possible to create scar collagen that 
can then be remodeled or contracted by subsequent treatments. 

Another application of RTG is the treatment of sleep apnea, in 

25 which the soft palate in the back of the throat collapses and interferes with 

or obstructs breathing in sleeping individuals. Current treatments involve 
the surgical shortening of this structure, or laser treatments which employ 
a standard thermal gradient which bums the mucosa. The soft palate 
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contains a minimal amount of collagen. Thermal induction of scar 
collagen deposition on the soft palate followed by contraction to shorten 
the palate could relieve the functional airway obstruction. Furthermore, 
burning of the mucosa is avoided by employing a RTG instead of a 
5 standard thermal gradient. 

Additional medical applications of RTG contraction of collagen 
could include the treatment of unstable joints due to collateral ligament 
laxity. The thermal induction and deposition of scar collagen with 
subsequent contraction will reduce the hypermobility of these joints. In a 

10 similar fashion, this technology can be applied in the treatment of unstable 

spinal column disorders, such as lumbar or cervical compression 
syndromes, and scoliosis that is often encountered in younger women. In 
this application, thermal induction of scar collagen deposition would be 
initiated in precise locations along the spine. Additional treatments would 

15 then contract the scar collagen to counter the vectors of spinal deviation 

and increase the stability of the spine. In addition, the thermal induction 
of osteoblasts in the periosteum will result in callus (calcium matrix) 
formation. As callus contains a higher percentage of collagen than mature 
bone, subsequent remodeling with thermal contraction is possible. 

20 Maturation of the remodeled callus with calcium matrix deposition will 

result in a stable bony fusion of treated areas. 

Weaknesses of the abdominal wall, such as hernia or diastases 
rectus, could also be managed with the deposition of scar collagen that is 
subsequently contracted. Treatment of urinary incontinence and bladder 

25 prolapse in women could be treated effectively with a device inserted into 

the vagina that would induce scar collagen deposition and contraction 
with RTG. Treatment of gastroesophageal reflux disease could be 
accomplished in a similar fashion with a device introduced 
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endoscopically. Aging of the skin involves thinning of the dermal layer 
from the progressive loss of collagen matrix. As a consequence, there is a 
reduction in the skin's turgor. Wrinkling of the skin occurs as a 
consequence of inadequate support of the epidermis. Therefore, treatment 
5 of wrinkles could be accomplished by combining a RTG contraction of 

dermal collagen with the induction of scar collagen deposition. Improved 
skin turgor is accomplished by first replenishing the collagen matrix that 
has been lost with aging. Following the induction and deposition of 
nascent scar collagen in the dermis, contraction of collagen with a RTG 
10 would correct wrinkling of the skin without resorting to "resurfacing" 

techniques that require the application of a standard thermal gradient burn 
to the skin. Prolonged healing and pigmentary irregularities would be 
avoided. The superficial papillary dermis is the treatment zone for this 
application. 

1 5 A derivation of Ohm's law provides a means to alter and 

discriminate the biophysical properties of soft tissue. For electrical 
systems, I = E/R, where I is intensity of the current (measured in 
amperes), E is the energy potential (measured in volts), and R is the 
resistance (measured in ohms). For soft tissue systems, the current 

20 density delivered to a soft tissue target is inversely related to tissue 

impedance (TI). Most biological systems function as a combination of 
series and parallel circuits. If the tissue behaves as a series system, 
release of heat will occur in higher resistance target tissue. For electrical 
systems that function in parallel, delivery of current and energy may be 

25 shunted to low resistance areas. 

Consequently, a higher power setting may be required for thermal 
release in this tissue system as higher resistance areas are bypassed. In 
these systems, high resistance areas may be protected and thermal effects 
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may occur in tissue in which impedance is lower and current density is 
higher. Skin contraction applications will typically function in series, 
while deeper tissue applications may behave as a parallel system. 
Paradoxical effects may be observed depending upon the electrical 
behavior of the system. 

Modulation of RF frequency (FM) may provide additional 
delineation of the impedance characteristics of tissues. More specifically, 
an increase in the frequency may correlate to a greater thermal release in 
higher impedance tissues. In a "series" system, an increase in RF 
frequency will equate to an increase in the thermal content of target 
tissues that are resistors. In a parallel system, target tissues may be 
configured differently to augment current density in a low impedance 
environment. Different frequency parameters may be required. 

Raising the extracellular fluid (ECF) content of soft tissue results 
in a reduction in tissue impedance, which increases current density and 
thermal delivery to target tissues that have a relatively higher impedance. 
Target tissues can also be physically manipulated to lower ECF content 
and further raise their local tissue impedance as resistors. The thermal 
energy released at a target tissue is expressed as joules, or the heat 
dissipated in an electrical system. The thermal energy released at the 
target tissue is directly related to the tissue impedance and is 
exponentially related to the current density. 

An understanding of tissue impedance in reference to the different 
phases of the wound healing sequence is critical in predicting thermal 
remodeling effects upon collagen. In general, conductors such as 
inflammatory edema or normal saline will increase the extracellular fluid. 
Transfer of RF energy through tissue without thermal release is 
facilitated. Injection of glucose containing solutions or conditions that 
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reduce the ECF will act as resistors that will target tissue for thermal 
release and the remodeling of collagen. 

The following is a tissue impedance scale: 
Conductors 

< 

> 

Resistors 

Saline Edema Immature/ Mature 

Glucose Native 

Fibroplasia Scar Collagen 

Collagen 

If the wound healing sequence is examined, the initial stage 
involves the creation of inflammatory edema that raises ECF and 
conductance. Following a lag period of three to five days, the second 
phase of fibroplasia involves the multiplication and migration of 
fibroblasts to the wound. The deposition of scar collagen will increase 
tissue impedance even though (ECF) ground substance content is high. 
The final phase of scar collagen maturation begins at two weeks and 
continues for several weeks. During this phase, the collagen becomes 
progressively more insoluble due to the loss of ground substance with a 
concomitant increase in intermolecular and interfiber cross linkage. 
Concurrent with this change is a gradual increase in tissue impedance. 
Preexisting or native collagen is even more insoluble and will exhibit the 
highest tissue impedance. 

The ability of energy to do work in this soft tissue system 
corresponds to the contraction of collagen by the disruption of crosslinks 
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in the triple helix of the molecule. An accurate measure of energy 
delivery to the tissue is required. Temperature is not a measure of heat 
content or energy delivery to tissue. Rather, it is a momentary snapshot of 
the energy level of the tissue. It is the delivery of energy over time as the 
5 heat content (joules/second) that is the most accurate measure of energy 

available for the contracture of collagen. Another factor that affects the 
heat content of tissue is the thermal dissipation that occurs through 
thermal conduction away from the target tissue and the thermal 
convection from vascular and surface structures. 

10 Control of multiple factors is required to create the optimal RF 

tissue environment for the non-ablative contraction of collagen. Initially, 
heat is required as a precursor of the "RF effect. This may be supplied 
from a variety of sources, such as ultrasound. The thermal energy acts as 
an amplifier of the RF electrode rather than a direct agent to cleave the 

15 molecular crosslinks. This beginning thermal sequence provides the ionic 

agitation required for the magnetic induction by the RF electrode. The 
magnetocaloric effects predicts the thermal requirement for the magnetic 

induction of tissue and is described by AT/AH=-T/Ch (3M/3T)H, where 

AT= change in temperature, AH = change in magnetic field, and Ch = 

20 Specific heat capacity/volume. The ionic polarization of the tissue by the 

RF electrode produces an alternating magnetic moment that cleaves the 
collagen crosslinks with an "in phase" alternating ionic motion. In other 
words, the magnetocaloric effect increases the induced magnetic moment 
within the tissue. Additional thermal energy beyond this effect will only 

25 damage tissue and should be avoided. 

FM (frequency modulation) for each tissue system is crucial to 
achieving the most efficient reverse gradient for collagen contraction. 
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The appropriate frequency that is in phase with the most efficient ionic 
motion is provided as "work" to the system where P (watts or 
joules/second)=I 2 R. Consequently, the tissue environment should be 
configured to increase current density by decreasing tissue impedance. 
Excessive heat production from "out of phase" frictional agitation is 
avoided while direct ionic cleavage of collagen crosslinks is facilitated. 
The net result is the contraction of collagen with lower power 
requirements which reduces thermal damage to the tissue. 

There are several methods available to alter the tissue impedance 
of the skin surface and soft tissue to serve either as a conduit or as a target 
resistor. For example, current density can be increased with the injection 
of a conductor (decrease TI) such as normal saline, which allows the 
subcutaneous plane to act as a conduit to the target tissue. Conducting 
fluid that increases current density to the target tissue will increase 
thermal release in a logarithmic fashion. In addition to lowering tissue 
impedance and increasing current density, saline injection into target 
tissues enlarges the effective surface area of the RF electrode, A more 
uniform inductive effect is provided by the saline tissue interface. 
Increasing the TI of adjacent structures by stretching skin over rollers 
(decreasing ECF) will have a similar effect by funneling the current to the 
conduit tissue. Injection of a resistor fluid, such as glucose, into a target 
tissue will increase the TI and thermal release in a linear fashion. Current 
density of conduit tissues and thermal release at target tissues is greatly 
enhanced by combining the injection of conducting (saline) and resisting 
(glucose) fluids. In other words, soft tissue injection functions as a tissue 
impedance "lens" that focuses thermal energy in target tissues while 
reducing collateral damage to adjacent structures. This approach is 
mainly used for deeper soft tissue applications. In general, the 
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manipulation of the impedance characteristics of target tissues with either 
conductors or resistors will create the optimal RF environment that has 
the appropriate amount of heat and current density for the magnetic 
induction of that tissue. 
5 For skin applications, an understanding of dermal impedance is 

required. Reduction in the thermal load at the skin entry port subjacent to 
the RF electrode may be accomplished by reducing the tissue impedance 
of the skin with hydration, i.e. a hydrogel applied under the electrode strip 
is used to increase ECF and conductivity of the skin entry point. A more 

10 selective (time-dependent) hydration of the epidermis and papillary 

dermis under the electrode will conduct current through the superficial 
skin and target the deeper dermis as a resistor. This pre-determined 
period of hydration is selected for the specific dermal level of the target 
tissue. The target tissue interface is positioned between the overlying 

1 5 hydrated conducting skin and the subjacent non-hydrated dermis that acts 

as a resistor. A RTG for dermal and subdermal contraction of skin is 
achieved when the current is released as thermal energy in the deeper 
dermal tissue. More specifically, hydration of the skin is achieved by 
initially applying an anesthetic gel that has an aqueous penetrant 

20 formulation. The treatment area is then submerged in a bath for a variable 

period of time, as dictated by the dermal target level. This specific 
methodology would have cutaneous applications for scar collagen 
deposition and contraction to correct wrinkling and aging of the skin. 
Wrinkling of the skin is treated by targeting a more superficial dermal 

25 level and is achieved by reducing the duration and depth of skin 

hydration. Deeper dermal effects for skin contraction would be achieved 
by longer periods of skin hydration. In addition, the deeper dermal and 
subdermal target tissues can be discriminated further from the conducting 
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superficial skin with the injection of a fluid resistor such as glucose. 
Heating of the glucose prior to injection in the target tissue may 
additionally serve to lower the RF power requirement for contraction of 
collagen. The "tumescent" technique used for liposuction could be used 
5 as a familiar technique of injection. 

Another approach to alter TI is to invoke the inflammatory stage of 
the wound healing sequence. Similar to the induction of scar collagen 
deposition, the wound healing sequence can be initiated to alter the TI and 
current density of soft tissue. The initial inflammatory stage of the wound 

1 0 healing sequence involves creation of edema fluid within the extracellular 

spaces. The ECF will be increased as edema fluid and will allow tissue to 
act as a conductor/conduit. This fluid is a conductor whose osmolality is 
similar to normal saline and is formed by the extravasation of serum from 
the capillary bed or post capillary venules. Changes in endothelial 

1 5 permeability as mediated by histamine and bradykinin will appear 

morphologically as erythema of the skin. Various modalities are available 
to incite this inflammatory phase. The topical application of mechanical, 
thermal, chemical or pharmacological agents to induce cutaneous 
inflammatory edema will allow current to be conducted through the skin 

20 without thermal damage. Retin A, alpha hydroxy acids, and dilute TCA 

may be applied to lower surface impedance and thermal damage at the 
skin entry point. 

In addition, the stability of the triple helix can be chemically 
altered prior to thermal denaturization. The collagen shrinkage 

25 temperature (Ts) is an indication of molecular stability as is determined by 

the amount of crosslinkage. Ground substance such as chondroitin 
sulfuric acid (CSA) increases molecular stability by promoting salt-like 
crosslinks between collagen fibers. Reagents such as hyaluronidase 
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(Wydase) that enzymatically remove CSA will reduce fiber stability and 
the shrinkage temperature (Ts). Typically, a reduction of 10 °C in the Ts 
is obtained by the injection of this reagent. As a result, power 
requirements and thermal damage to conducting and target tissues would 
be reduced. Wydase may be combined with a resistor fluid such as 
glucose to augment thermal release while lowering the temperature 
required for contraction. Typically, the solution would be combined with 
a dilute local anesthetic and injected into target tissues with the 
"tumescent" technique. 

Pharmacological methods to alter the solubility of collagen may 
also be an effective way to alter the relative conductance and resistance of 
soft tissue. Anti-inflammatory medications such as steroids will reduce 
conductance and edema fluid of target tissues. Other agents such as 
vitamin E will also reduce conductance by promoting the scar maturation 
process. During this process, the decrease in collagen solubility is due to 
loss of ground substance and an increase in molecular cross linkage. 
Reversing the maturation process involves increasing the solubility of 
collagen with various lathrogenic agents (such as beta 
aminoproprionitrile, d-penacillinamine and colchicine). Cross linkage is 
retarded and the tissue will exhibit a higher conductance due to the 
increase in ground substance. These various pharmacologic agents can be 
administered either topically, systemically or by direct injection. 

In contrast to the application of energy, manipulation of energy 
losses in the system provides another means to achieve the contraction of 
collagen without surface ablation. Thermal conduction losses occur 
through the passive dissipation of heat through tissue and is limited by 
local tissue parameters. In contrast, convection transfer of heat occurs 
through the physical movement of heated matter away from the target 
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tissue and is a process that can be actively manipulated. Flash cycles of 
surface cooling interspersed with heating will allow greater heat 
dissipation at the surface than the underlying dermal tissue. Sequential 
cycles of surface cooling and tissue heating provide a RTG as the heat 
5 dissipated from surface convection occurs faster than subdermal 

conductive losses. A progressive increase in the subdermal heat content 
occurs while maintaining a constant surface temperature. 

Promoting energy losses with surface convection cooling is a 
necessary adjunct to contracting collagen without collateral thermal 

10 damage from excessive ionic friction and agitation. A surface convection 

cooling pad should cool tissues but provide enough thermal energy 
required by the magnetocaloric effect for the magnetic induction and 
cleavage of molecular collagen crosslinks. 

Other approaches to reduce the thermal load to the skin surface can 

1 5 be employed. Dispersion of current density over a larger surface area will 

reduce the thermal load to the skin surface. Multiple port focusing with 
RF and ultrasound in a tandem fashion will have a similar effect of 
dispersing energy. Between the electrode strips, a non-conductive 
medium can be used to directly preheat the dermal and subdermal target 

20 tissues. A combination of these modalities can be employed to avoid 

thermal damage to the skin surface. 

Additional device modalities are available to physically manipulate 
tissue and decrease ECF, i.e. the manipulated tissue behaves like a 
resistor. These devices may be applied in tandem or as part of the RF 

25 electrode. They include rollers, suction cups or a combination of both. 

Simple mechanical trauma such as rolling the skin will initially increase 
the TI, but may subsequently augment conductance of the skin with the 
formation of inflammatory edema at the current entry area of skin under 
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the electrode. As a more efficient conductor of current, the skin surface 
will avoid thermal damage and allow more efficient delivery of energy to 
target tissues. Target tissues will also respond in a similar fashion with 
the formation of inflammatory extracellular fluid. Although an initial 
drop in TI will be observed, the solubility and conductance will decrease 
with the deposition of scar collagen within 72 hours after initial injury. 
Subsequent treatment may be timed to take advantage of the increasing 
resistance of the target tissue to provide a greater release of thermal 
energy. Additional scar maturation with increased cross linkage may 
make the collagen more susceptible to contraction from both a TI and a 
chemical bonding perspective, even though the shrinkage 
temperature (Ts) is raised. In general, collagen maturation with additional 
cross-linkage will increase the potential for contraction. Mature or native 
collagen should exhibit a greater thermal release (TI increase) and 
molecular contraction than more soluble and immature scar collagen. 

A cross indexing of these approaches should reveal an appropriate 
combination of methods for each clinical application. Monopolar and 
bipolar patterns of current density in combination with these methods that 
alter tissue conductance will allow greater latitude in shaping the specific 
pattern of RF energy delivery. 

The present invention involves application of a RTG to heat the 
underlying dermal collagen, while protecting the superficial epidermal 
skin. The device used to achieve this effect is similar to a heating pad. It 
employs radio frequency (RF) energy that is precisely focused on the 
underlying dermal collagen of treatment areas. 

In addition, this energy source can be employed in tandem with 
other energy sources. Ultrasound can be used as a non-inductive source 
can provide the initial energy of ionic agitation required for the magnetic 
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RF induction of collagen containing tissue. By changing the local TI with 
physical and pharmacological manipulation of the skin and target tissues, 
a more accurate delivery of thermal energy is achieved. Partial 
denaturization of collagen is achieved with each application and the use of 
5 sequential treatments will allow for more precision of the end result. 

Depending upon the topography of a treatment area, the heating 
pad is designed to provide the appropriate vectors of contraction. Areas 
of application are not confined by requirements to hide surgical incisions 
or to transition chemical peels or laser resurfacing into aesthetic 

10 boundaries. And since scarring and pigmentary irregularities are avoided, 

skin tightening can now occur in areas previously considered "off-limits" 
to standard methods of correction. 

The medical devices and procedures that are designed specifically 
for skin contraction will have the following components: initially, the skin 

1 5 is hydrated to a specific dermal level before the RF heating pad is applied. 

This allows conductance of RF energy through the skin without thermal 
release. The subjacent dermis which has not been hydrated will respond 
as a resistor with the release of thermal energy to contract or induce 
collagen. In addition, ultrasound transducers are incorporated with 

20 mechanical rollers that are applied as a separate device over the RF 

heating pad. The rollers manipulate tissue impedance and the ultrasound 
transducers are aligned as parallel opposing ports that are focused with an 
overlapping energy pattern at the target dermal level By simultaneously 
heating the target tissue with ultrasound, power requirements are reduced 

25 for the RF heating pad. 

The initial evaluation is begun with a digitized image of the patient 
Each potential treatment area is captured for analysis. A cursor is used to 
determine the appropriate boundary of each treatment area for either a 
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minimally invasive or non-invasive approach. For non-invasive skin 
contraction or soft tissue remodeling, a vector analysis is performed to 
orient the parallel electrode array on the patient's skin. For the minimally 
invasive contraction of skin and soft tissue, an intraoperative infrared 
5 image is captured and referenced to the preoperative digital evaluation. 

During the procedure, the peak infrared emission pattern for each area is 
captured and digitally incorporated into an entire mosaic of the treatment 
area. This peak emission mosaic is compared to the preoperative digital 
evaluation for the position, boundary and appropriate vectors of 

10 contraction in addition to the recommended infrared emission levels. 

With this method of preoperative and intraoperative analysis, an accurate 
depiction of the post operative result can be provided to the patient during 
the initial preoperative evaluation. 

Taking into consideration many of the methodologies that have 

1 5 been discussed to achieve a RTG contraction of collagen, the following 

provides a sample application sequence. A treatment sequence for clients 
desiring skin contraction involves a variety of modalities. 

For one week prior to treatment, a topical agent such as Retin A or 
alpha hydroxy acid is applied to the skin to produce an inflammatory 

20 edema. Conductance of RF energy through the superficial skin will be 

facilitated. The client begins her treatment session with the application of 
an aqueous penetrant gel which contains a concentrated local anesthetic. 
The gel is massaged into the specifically marked treatment areas for 30 
minutes. These areas are preferentially hydrated by having the client 

25 bathe for approximately one hour with water temperature approximately 

100°F. Actual bathing time will vary depending upon the treatment level 
within the skin. Additional preparation of the treatment area may require 
injection of impedance altering fluids such as saline (conductor) or 
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glucose (resistor). This solution may be combined with Wydase and 
xylocaine to lower power requirements and provide anesthesia. The 
solution is injected with the "tumescent" technique. This technique, 
typically used for deeper soft tissue applications, may be employed for 
skin contraction. The next stage of the treatment sequence involves the 
application of the RF heating pad that has been specifically configured 
from the treatment area. Incorporated into the RF heating pad is a cooling 
channel that will cycle dermal heating and surface convection cooling. A 
second device that employs mechanical rollers and ultrasound transducers 
to focus additional thermal energy in the skin may also be used. Multiple 
treatments of this non-invasive program provides for greater precision of 
the end result while avoiding blistering of the skin. In addition, periodic 
maintenance treatments will be required to counter the continuation of the 
aging process. 

Minimally invasive techniques are possible that involve the 
percutaneous insertion of a medical device through the skin that can 
achieve a RTG for the contraction of skin. The device can be used in 
tandem with an endoscope to provide hemostasis and aid the dissection of 
the subcutaneous plane. The device consists of a multiple purpose canula 
that is used for subcutaneous dissection and liposuction in addition to 
collagen contraction. In one embodiment, a spatula shaped canula has a 
light source on the dorsal surface which trans illuminates the skin and 
creates a focused light pattern on the skin to determine depth and 
uniformity of the subcutaneous plane of dissection. A liposuction portal 
is placed on the ventral aspect of the device and allows aesthetic 
modification of the subcutaneous fat. A separate energy source is also 
mounted on the dorsal aspect of the canula and is used to "paint" the 
subdermal and dermal tissues for the contraction of collagen. This device 
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may either be a separate canula with the transilluminator or combined as a 
single combined device with the subcutaneous dissection/suction canula. 
Typically an RF electrode is utilized as the primary energy source. Other 
energy sources may include an ultrasound transducer or a coherent C0 2 

5 light source with a diffuser. 

For example, a facelift procedure would typically involve the 
initial injection of a tumescent solution that contains a dilute 
xylocaine/epinephrine mixture with added Wydase. Anesthesia and 
vasoconstriction with lowering of the collagen shrinkage temperature (Ts) 

10 is provided with this solution. Through small 1 cm preauricular and 

submental incisions, the subcutaneous dissection/ liposuction canula is 
inserted. Through a separate 1 cm incision, an endoscope may be inserted 
for direct visualization and hemostasis. After development of a uniform 
superficial subcutaneous plane of dissection, liposculpture of the 

15 underlying subcutaneous tissue is achieved. With a separate or combined 

canula, skin contraction is achieved in a uniform fashion by sweeping the 
energy source in the superficial subdermal plane of dissection. Accurate 
surface and depth orientation is provided by the transillumination pattern 
of the skin. 

20 Another example of a minimally invasive procedure is the 

correction of the post partum ptosis of the breast. Typically, large anchor 
shaped incisions are employed to achieve a mastopexy or breast uplift. In 
contrast, uplifting and tightening of the breast envelope can be achieved 
through small periareolar incisions with the minimally invasive 

25 methodology of The present invention. Achievement of a three- 

dimensional enhancement rather than a two-dimensional uplifting is 
provided by preoperatively determining the appropriate vectors of 
contraction with digital capture software, i.e. a radial pattern of sweeping 
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will result in a longitudinal shortening of the breast envelope, whereas a 
circular sweeping pattern around the circumference of the breast will 
increase projection by tightening the base perimeter dimension. With this 
approach, a variety of esthetic procedures is also possible for the 
abdomen, thighs and arms. 

The present invention provides the esthetic surgeon with the 
opportunity to achieve a more immediate result in a minimally invasive 
fashion. The larger incisions of typical esthetic procedures is eliminated. 
Contour irregularities and skin looseness that is typical of suction 
lipectomy procedures is avoided. 

The same concepts of altering tissue impedance (TI) for collagen 
contraction can be applied for tissue ablation. Although higher power 
levels are required, effective radiation doses for tumor ablation can be 
reduced by potentiating energy release at target tissues through the 
manipulation of tissue impedance. As a direct benefit, the collateral 
damage to normal adjacent structures would be minimized. 

Power requirements for cancer management can be reduced further 
by altering intracellular metabolism rather than ablating tumor cells. If 
remission or homeostasis is defined as a state in which net tumor growth 
has ceased, then the creation of a state can be achieved by increasing cell 
death (ablation) or decreasing cell growth by suppression of mitosis with 
intracellular thermal induction. Most oncologic treatment modalities 
focus upon various ablation strategies that place little emphasis on 
reducing mitotic activity. Suppression of cancer cell mitosis with 
intracellular thermal induction has significant potential in reestablishing 
homeostasis at lower power requirements. The patient care algorithm 
would consist of a continuing sequence of treatments to maintain the 
balance between cell death and cell growth while eliminating damage to 
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adjacent tissue. The thermal induction of homeostasis will also provide a 
continuing opportunity for a competent immune response by the patient. 
A balance between ablation and thermal induction of homeostasis is also 
promoted by selectively altering the tissue impedance of target and 
5 conducting tissues. Power or dose requirements for ablation can be 

further reduced by modifying the cellular kinetics of the tumor. Thermal 
induction will place cells in phase during the mitotic cycle, rendering the 
tumor more susceptible to ablation. Cycles of treatment with thermal 
induction will stagger phases of cell multiplication to predictable periods 

10 that can be timed with the patient's oncologic treatment (i.e. chemotherapy 

and/or radiation therapy). By increasing the specificity of thermal 
ablation, sequential management of metastatic disease may be possible. 

Thermal ablation of normal tissue can be used for aesthetic 
liposculpture. By altering TI and conductance with these methods, 

1 5 ablation of subcutaneous fat can be achieved with a greater degree of 

precision. The current use of "tumescent" injection of an impedance 
altering solution integrates easily with the present invention. 

Non-ablative thermal modification of intracellular metabolism is 
another potential application with this technology. If a low grade injury 

20 pattern is sustained during exercise, thermal injury should incite the same 

sequence of extracellular and intracellular inflammation that leads to 
hypertrophy of a muscle cell. This method can be applied for disuse 
atrophy of muscle in patients who are paraplegic or who are in catabolic 
stress for any reason. Disuse atrophy sustained in zero gravity 

25 environments may be avoided with intracellular thermal induction of 

muscle. 

It may also be possible to modulate the synthesis of collagen by the 
fibroblast with a combination of both intracellular and extracellular 
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thermal induction. The thermal inductive effects should be different for 
intracellular suppression of collagen synthesis than scar collagen 
formation as provided by the wound healing sequence. A direct 
application of intracellular thermal suppression of collagen synthesis and 
5 fibroblast mitosis is the reduction of hypertrophic scarring in surgical 

incisions. 

Bony callus formation and formation by the osteoblast may also be 
modulated by the selective balance between intracellular and extracellular 
thermal inductive effects. 

10 Alternately, the healing by regeneration instead of scarring may be 

influenced by the selective thermal induction of intracellular and 
extracellular processes. Regeneration of soft tissue structures may occur 
more readily in a conducting milieu than in an impedance environment 
which would promote the deposition of scar collagen. Peripheral nerve 

15 regeneration should be aided by selectively suppressing scar formation at 

the proximal stump of a transacted nerve, and the demyelination of nerve 
fibers could be prevented with this modality. Determining the 
impedance/conductance conditions and electromagnetic field pattern of 
fetal development should provide necessary information to promote 

20 healing by regeneration. The intracellular degeneration and cell 

membrane dissolution of the cerebral cortex may be prevented by 
maintaining the appropriate magnetic field around these structures. 

25 

Definitions of Standard Gradients 
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A Standard Thermal Gradient is the application of electromagnetic energy. 
The soft tissue without modification of surface angle incidents or tissue 
parameters that change energy transmission and release in that tissue. 

A Standard Gradient of Molecular Collagen Contraction and Cellular 
Contraction of Collagen Containing Tissue is the contraction of that tissue 
without modification of surface energy angle incidents or tissue parameters that 
change energy transmission and release within that tissue. 

A Standard Gradient of Energy Delivery is the delivery of energy into tissue 
without modification of surface incidents or tissue parameters that change 
energy transmission and release within that tissue. 

A Standard Gradient of Tissue Interaction is the interaction of tissue with 
energy without modification of surface angle incidents or tissue parameters that 
would change the pattern of tissue interaction with energy. 

Definitions of Reverse Gradients 

A Reverse Thermal Gradient is defined by its relationship to a Standard 
Thermal Gradient. 

A Reverse Thermal Gradient is cooler on the surface or in adjacent tissues 
when compared to a Standard Thermal Gradient that has a target tissue with the 
same heat content. 

A Reverse Thermal Gradient can also be expressed as: 

1 . A reduced Standard Thermal Gradient between the surface and 

underlying tissue, or between adjacent and target tissues. 
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2. An Equalized Thermal Gradient between the surface and 
underlying tissue, or between adjacent and target tissues. 

3. A Thermal Gradient in which ablation does not occur on the 
5 surface or in adjacent tissue (next to a target). 

4. A Thermal Gradient in which ablation is reduced on the surface 
or adjacent tissue in comparison to a Standard Thermal Gradient. 

10 A Reverse Gradient of Molecular Collagen Contraction and Cellular 

Contraction of Collagen Containing Tissues is defined by its relationship to a 
Standard Gradient Contraction of Collagen Containing Tissues. 

A Reverse Gradient of Collagen Contraction results in the preferential 
1 5 contraction of a target tissue that is greater in comparison to a Standard Gradient 

of Collagen Contraction of target and surface/adjacent tissues. 

A Reverse Gradient of Collagen Contraction can also be expressed as: 

20 1 . A Reduced Standard Gradient of Collagen Contraction between 

surface and underlying tissue or between adjacent and target 
tissues. 

2. As an Equalized Gradient of Collagen Contraction between the 
25 surface and underlying tissue or between adjacent and target 

tissues. 

3. A Gradient of Collagen Contraction in which ablation does not 
occur in surface or adjacent tissues. 

30 
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4. A Gradient of Collagen Contraction in which ablation is reduced 

on the surface or adjacent tissues in comparison to a Standard 
Gradient of Collagen Contraction. 

5 A Reverse, Gradient of Energy Delivery is defined by its relationship to a 

Standard Gradient of energy delivery. 

A Reverse Gradient of Energy Delivery is the preferential delivery of energy 
to a target tissue that is greater in comparison to a Standard of Gradient of 
10 energy delivery regardless of the energy content of surface and adjacent tissues. 

A Reverse Gradient of Energy Delivery can also be expressed as: 

1. A Reduced Standard Gradient of Energy delivery between 
1 5 surface and underlying tissue or between adjacent or target 

tissues. 

2. An Equalized Gradient of Energy delivery between the surface 
and underlying tissue or between adjacent and target tissues. 

20 

3. A Gradient of Energy delivery in which ablation does not occur 
on surface or in adjacent tissues. 

4. A Gradient of Energy delivery in which ablation is reduced on 
25 surface or adjacent tissues in comparison to a Standard Gradient 

of energy delivery. 

Reverse Gradient of Tissue Interaction is defined by its relationship to a 
Standard Gradient of tissue interaction. 

30 
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10 



A Reverse Gradient of Tissue Interaction is the achievement of a desired soft 
tissue effect on a target tissue with a reduced soft tissue effect to surface or 
adjacent structures in comparison to a Standard Gradient of interaction. 

A Reverse Gradient of Tissue Interaction can also be expressed as: 

1 . A Reduced Standard Gradient of tissue interaction between 
surface and underlying target tissue or between adjacent and 
target tissues. 

2. An Equalized Gradient of tissue interaction between the surface 
and underlying target tissue or between adjacent and target 
tissues. 



15 3 . A Gradient of tissue interaction in which ablation does not occur 

on surface or in adjacent tissues next to a target tissue. 

4. A Gradient of tissue interaction in which ablation is reduced on 

surface or adjacent tissues next to a target tissue in comparison to 
20 a Standard Gradient of tissue interaction. 



Claims of Eiectrpmagnetic Energy and Aesthetic Enhancement 

25 

1 . The Use of Electromagnetic Energy to Achieve a Reverse 

Gradient of Molecular Contraction of Collagen and a Reverse 
Gradient of Cellular Contraction in Collagen Containing Tissue 
without Ablation. 
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2. The Use of Electromagnetic Energy to Achieve a Reverse 
Gradient of Molecular Contraction of Collagen and a Reverse 
Gradient of Cellular Contraction in Collagen Containing Tissue 
with reduced Ablation in comparison to a Standard Thermal 

5 Gradient. 

3. The Use of Electromagnetic energy in Soft Tissue to Achieve a 
Reverse Gradient of Energy Delivery without ablation. 

10 4. The Use of Electromagnetic Energy in Soft Tissue to Achieve a 

Reverse Gradient of Energy Delivery with Reduced Ablation in 
Comparison to a Standard Thermal Gradient. 

5- The Use of Electromagnetic Energy in Soft Tissue to Achieve a 

15 Reverse Gradient of Energy Delivery with Ablation of Target 

Tissue but without Ablation of Surface or Adjacent Tissues, 

6. The Use of Electromagnetic Energy in Soft Tissue to Achieve a 
Reverse Gradient of Energy Delivery with Ablation of Target 

20 Tissue but with reduced Ablation of Surface or Adjacent Tissues 

in Comparison to a Standard Thermal Gradient. 

7. The Use of Electromagnetic Energy to Reconfigure the Surface 
and Contour of Soft Tissue with a Reverse Gradient of Energy 

25 Delivery. 

8. The Use of Electromagnetic Energy to Reconfigure the Surface 
Contour of Soft Tissue with a Reverse Cellular and Extracellular 
Gradient of Energy Delivery. 

30 
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9. The Use of Electromagnetic Energy to Reconfigure the Surface 
and Contour of Soft Tissue with a Reverse Cellular and 
Extracellular Gradient Contraction of Collagen Containing 
Tissues. 

10. The Use of Reverse Gradient of Energy Delivery to Alter the 
Intracellular Metabolism of Soft Tissue (use different cell types 
as dependent claims; the adiposcyte, myocyte, fibroblast, 
fibrocyte, epidermal cell, melanocyte, osteoblast, osteocyte, 
neuron, skin adnexal cells - hair follicle, sebaceous gland, sweat 
gland). 

1 1 . The Use of a Reverse Gradient of Energy Delivery to Achieve 
Molecular Contraction of Collagen and Cellular Contraction of 
Collagen Containing Tissues. 

12. The Use of a Reverse Gradient of Energy Delivery to Alter the 
Extracellular Metabolism of Soft Tissue. 

Dependent Claims of Electromagnetic Energy and Aesthetic Enhancement 

1 . The Use of Electromagnetic Energy to Alter Soft Tissue Volume 

with a Reverse Gradient of Energy Delivery: 

a. Without Ablation. 

b. With Reduced Ablation in Comparison to a Standard 
Gradient. 

c. With Ablation. 
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The Use of Electromagnetic Energy to Alter Soft Tissue 
Consistency with a Reverse Gradient of Energy Delivery: 

a. Without Ablation. 

b. With Reduced Ablation in Comparison to a Standard 
Gradient. 

c. With Ablation. 

The Use of Electromagnetic Energy to Alter the Overall Function of a 
Soft Tissue Structure with a Reverse Gradient of Energy Delivery: 

A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient. 

C. With Ablation. 

The Use of a Reverse Gradient of Energy Delivery to Reconfigure the 
Surface and Contour of Soft Tissue by Altering the Intra-cellular 
Processes (metabolism), of Component Cells, i.e., the adiposcyte, 
myocyte, fibroblast, fibrocyte, epidermal cell, melanocyte, osteoblast, 
osteocyte, neuron, skin adnexal cells - hair follicle, sebaceous gland, 
sweat gland. 

A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Cells in a Target Area. 
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5. The Use of a Reverse Gradient of Energy Delivery to Change the 
Consistency of Soft Tissue by Altering the Intra-cellular Processes of 
Component Cells, i.e., the adiposcyte, myocyte, fibroblast, fibrocyte, 
epidermal cell, melanocyte, osteoblast, osteocyte, neuron, skin adnexal 

5 cells - hair follicle, sebaceous gland, sweat gland. 

A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
10 Remaining Cells in a Target Area. 

6. The Use of a Reverse Gradient of Energy Delivery to Change the 
Volume of Soft Tissue by Altering the Intra-cellular Processes of 
Component Cells, i.e., the adiposcyte, myocyte, fibroblast, fibrocyte, 

1 5 epidermal cell, melanocyte, osteoblast, osteocyte, neuron, skin adnexal 

cells - hair follicle, sebaceous gland, sweat gland. 

A. Without Ablation. 

20 B. With Reduced Ablation in Comparison to a Standard Gradient of 

Remaining Cells in a Target Area. 

7. The Use of a Reverse Gradient of Energy Delivery to Change the 
Overall Function of a Soft Tissue Structure by Altering the Intra-cellular 

25 Processes of Component Cells, i.e., the adiposcyte, myocyte, fibroblast, 

fibrocyte, epidermal cell, melanocyte, osteoblast, osteocyte, neuron, skin 
adnexal cells - hair follicle, sebaceous gland, sweat gland. 

A. Without Ablation. 

30 
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B. With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Cells in a Target Area. 

8. The Use of a Reverse Gradient of Energy Delivery to Change the 
5 Growth of a Soft Tissue Structure by Altering the Intra-cellular 

Processes of Component Cells, i.e., the adiposcyte, myocyte, fibroblast, 
fibrocyte, epidermal cell, melanocyte, osteoblast, osteocyte, neuron, skin 
adnexal cells - hair follicle, sebaceous gland, sweat gland. 

10 A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Cells in a Target Area. 

1 5 9. The Use of a Reverse Gradient of Energy Delivery to Change the 

Extracellular Metabolism of a Soft Tissue Structure. 

A. Without Ablation. 

20 B. With Reduced Ablation in Comparison to a Standard Gradient of 

Remaining Extracellular Tissue in a Target Area. 

10. The Use of a Reverse Gradient of Energy Delivery to Reconfigure t he 
Surface and Contour of Soft Tissue by Altering the Extracellular 
25 Metabolism of that Tissue. 

A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
30 Remaining Extracellular Tissue in a Target Area. 
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1 1 . The Use of a Reverse Gradient of Energy Delivery to Change the 

Volume of Soft Tissue by Altering the Extracellular Metabolism of that 
Tissue. 

5 A. Without Ablation. 

B. With Reduced Ablation in Comparison to - a Standard Gradient 
of Remaining Extracellular issue in a Target Area. 

10 12. The Use of a Reverse Gradient of Energy Delivery to Change the 

Consistency of Soft Tissue by Altering the Extracellular Metabolism of 
that Tissue. 

A. Without Ablation. 

15 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Extracellular Tissue in a Target Area. 

13. The Use of a Reverse Gradient of Energy Delivery to Change the 
20 Overall Function of Soft Tissue by Altering the Extracellular 

Metabolism of that Tissue. 

A. Without Ablation. 

25 B. With Reduced Ablation in Comparison to a Standard Gradient of 

Remaining Extracellular Tissue in a Target Area. 

14. The Use of a Reverse Gradient of Energy Delivery to Change the 
Growth of Soft Tissue by Altering the Extracellular Metabolism of that 

30 Tissue. 
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A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Extracellular Tissue in a Target Area. 

The Use of a Reverse Gradient of Energy Delivery to Change the 
Intracellular Metabolism of a Soft Tissue Structure. 

A. Without Ablation. 

B, With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Cells in a Target Area. 

The Use of a Reverse Gradient of Energy Delivery to Change the 
Extracellular Metabolism of a Soft Tissue Structure. 

A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Extracellular Tissue in a Target Area. 

The Use of Electromagnetic Energy with a Reverse Gradient of Energy 
Delivery to Achieve Molecular Contraction of Collagen and Cellular 
Contraction of Collagen Containing Tissues Remaining in an Ablation 
Target. 

The Use of Electromagnetic Energy to Alter Soft Tissue Volume with a 
Reverse Cellular and Extracellular Gradient Contraction of Collagen 
Containing Tissues. 

A. Without Ablation. 
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B. With Reduced Ablation in Comparison to a Standard Gradient of 
Remaining Soft Tissue. 

19. The Use of Electromagnetic Energy to Alter the Soft Tissue Consistency 
5 with a Reversed Cellular and Extracellular Gradient Contraction of 

Collagen Containing Tissues. 

A. Without Ablation. 

10 B. With Reduced Ablation in Comparison to a Standard Gradient of 

Remaining Soft Tissue. 

20. The Use of Electromagnetic Energy to Alter the Overall Function of a 
Soft Tissue Structure with a Reverse Cellular and Extracellular Gradient 

1 5 Contraction of Collagen Containing Tissues. 

A. Without Ablation. 

B. With Reduced Ablation in Comparison to a Standard Gradient of 
20 Remaining Soft Tissue. 

Additional Claims 

1 . Additional Claims for Manipulation of RF Parameters (FM, Power), to 
25 Achieve the Most Efficient Ionic Magnetic Moment for the Cleavage of 

Collagen Bonds and the Molecular Contraction of Collagen. 

Miscellaneous Claims 
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Manipulation of Electromagnetic Energy to Achieve the Most Efficient 
Cleavage of Collagen Bonds for Contraction with the Smallest Amount 
of Thermal Damage to Surface and Adjacent Tissues. 

The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve Collagen Contraction with a Minimal Amount of Thermal 
Damage to Soft Tissue. 

The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissues without 
Ablation. 

The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissues with Reduced 
Ablation in Comparison to a Standard Thermal Gradient. 

The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissue with Partial 
Ablation of Target Tissue, but with Reduced Ablation of Surface and 
Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue without Ablation of Surface and 
Adjacent Tissues. 

The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue with Reduced Ablation of Surface 
and Adjacent Tissues in Comparison to a Standard Thermal Gradient. 
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8. The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve the Most Efficient Moment of Energy Delivery for the 
Contraction of Collagen Containing Tissues without Ablation. 

5 9. The Manipulation of Electromagnetic Energy and Tissue Parameters to 

Achieve the Most Efficient Moment of Energy Delivery for the 
Contraction of Collagen Containing Tissues with Reduced Ablation in 
Comparison to a Standard Thermal Gradient. 



10 10. The Manipulation of Electromagnetic Energy and Tissue Parameters to 

Achieve the Most Efficient Moment of Energy Delivery for the 
Contraction of Collagen Containing Tissue with Partial Ablation of 
Target Tissue, but with Reduced Ablation of Surface and Adjacent 
Tissues in Comparison to a Standard Thermal Gradient. 

15 

1 1 . The Manipulation of Electromagnetic Energy and Tissue Parameters to 
Achieve the Most Efficient Moment of Energy Delivery for Ablation of 
a Target Tissue without Ablation of Surface and Adjacent Tissues. 



20 12. The Manipulation of Electromagnetic Energy and Tissue Parameters to 

Achieve the Most Efficient Moment of Energy Delivery for Ablation of 
a Target Tissue with Reduced Ablation of Surface and Adjacent Tissues 
in Comparison to a Standard Thermal Gradient. 



25 13. The Manipulation of Laser Energy and Tissue Parameters to Achieve the 

Contraction of Collagen Containing Tissues with Reduced Ablation in 
Comparison to a Standard Thermal Gradient. 

14. The Manipulation of Laser Energy and Tissue Parameters to Achieve the 
30 Contraction of Collagen Containing Tissue with Partial Ablation of 



-43- 



SUBSTITUTE SHEET (RULE 



Target Tissue, but with Reduced Ablation of Surface and Adjacent 
Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Laser Energy and Tissue Parameters to Achieve 
Ablation of a Target Tissue without Ablation of Surface and Adjacent 
Tissues. 

The Manipulation of Laser Energy and Tissue Parameters to Achieve 
Ablation of a Target Tissue with Reduced Ablation of Surface and 
Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Ultrasound Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissues with Reduced 
Ablation in Comparison to a Standard Thermal Gradient. 

The Manipulation of Ultrasound Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissue with Partial 
Ablation of Target Tissue, but with Reduced Ablation of Surface and 
Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Ultrasound Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue without Ablation of Surface and 
Adjacent Tissues. 

The Manipulation of Ultrasound Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue with Reduced Ablation of Surface 
and Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Microwave Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissues with Reduced 
Ablation in Comparison to a Standard Thermal Gradient. 
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The Manipulation of Microwave Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissue with Partial 
Ablation of Target Tissue, but with Reduced Ablation of Surface and 
Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Microwave Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue without Ablation of Surface and 
Adjacent Tissues. 

The Manipulation of Microwave Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue with Reduced Ablation of Surface 
and Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Mechanical Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissues with Reduced 
Ablation in Comparison to a Standard Thermal Gradient. 

The Manipulation of Mechanical Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissue with Partial 
Ablation of Target Tissue, but with Reduced Ablation of Surface and 
Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Mechanical Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue without Ablation of Surface and 
Adjacent Tissues. 

The Manipulation of Mechanical Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue with Reduced Ablation of Surface 
and Adjacent Tissues in Comparison to a Standard Thermal Gradient. 
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The Manipulation of Frictional Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissues with Reduced 
Ablation in Comparison to a Standard Thermal Gradient. 

The Manipulation of Frictional Energy and Tissue Parameters to 
Achieve the Contraction of Collagen Containing Tissue with Partial 
Ablation of Target Tissue, but with Reduced Ablation of Surface and 
Adjacent Tissues in Comparison to a Standard Thermal Gradient. 

The Manipulation of Frictional Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue without Ablation of Surface and 
Adjacent Tissues. 

The Manipulation of Frictional Energy and Tissue Parameters to 
Achieve Ablation of a Target Tissue with Reduced Ablation of Surface 
and Adjacent Tissues in comparison to a Standard Thermal Gradient. 

The Manipulation of RF Energy and Tissue Parameters to Provide the 
Most Efficient Magnetic Moment of Energy Delivery for the Contraction 
of Collagen Containing Tissues without Ablation. 

The Manipulation of RF Energy and Tissue Parameters to Provide the 
Most Efficient Magnetic Moment of Energy Delivery for the Contraction 
of Collagen Containing Tissues with Reduced Ablation in Comparison 
to a Standard Thermal Gradient. 

The Manipulation of RF Energy and Tissue Parameters to Provide the 
Most Efficient Magnetic Moment of Energy Delivery for the Contraction 
of Collagen Containing Tissue with Partial Ablation of Target Tissue, 
but with Reduced Ablation of Surface and Adjacent Tissues in 
Comparison to a Standard Thermal Gradient. 
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The Manipulation of RF Energy and Tissue Parameters to Provide the 
Most Efficient Magnetic Moment of Energy Delivery for Ablation of a 
Target Tissue without Ablation of Surface and Adjacent Tissues. 

The Use of Thermal Energy as a Magnetocaloric Effect for the Initial 
Ionic Agitation that Facilitates the RF Polarization of Soft Tissue and 
Provides the Most Efficient Magnetic Moment with the cast Thermal 
Damage of Tissue to Achieve a Change in the Surface and Contour of 
Soft Tissue. 

The Use of Thermal Energy as a Magnetocaloric Effect for the Initial 
Ionic Agitation that Facilitates the RF Polarization of Soft Tissue and 
Provides the Most Efficient Magnetic Moment with the cast Thermal 
Damage of Tissue to Achieve Contraction of Collagen Containing 
Tissues. 

The Use of Thermal Energy to Create the Initial Ionic Agitation 
Required by RF for the Magnetic Induction of Soft Tissue. 

The Use of RF Energy for the Magnetic Induction of Soft Tissue Which 
Created and in Phase Alternating Moment of Ionic Motion that Cleaves 
the Molecular Cross Links of a Collagen Molecule with Less Thermal 
Ablation than a Standard Thermal Gradient of Collagen Containing 
Tissue. 

The Use of RF Energy for the Magnetic Induction and Polarization of 
Collagen Containing Tissue for the Creation of an in Phase Alternating 
Moment of Ionic Motion that Cleaves the Molecular Cross Links of 
Collagen with Less Thermal Ablation than a Standard Thermal Gradient. 

T\m? Parameters 
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1 . Tissue Impedance by Altering the ECF. 

2. Tissue Impedance by Altering the ICF 
5 3. Hydration of skin. 

4. Injecting of Conducting Fluid Such as Saline or Injection of Resisting 
Fluids Such as Glucose. 

10 5. Creation of Inflammatory Edema to Increase ECF. 

6. Use of the Scar Maturation Process to Increase Impedance by Decreasing 
ECF. 

1 5 7. Mechanical Manipulation to Alter Impedance without Directly Changing 

the ECF. 

A. Suction cups. 
20 B. Rollers. 

8. Changing the T s (Shrinkage Temperature of Collagen) by, 

A. Pharmacologic Methods (Wydase). 

25 

B. Low Level Thermal Energy Disruption of Collagen Bonds 
without Contraction as a Precursor to Magnetic Cleavage and 
Contraction of Collagen. 

30 C. Mechanical Manipulation (Massage), to Disrupt Bonds as a 

Precursor to Magnetic Cleavage, i.e., use of Friction to Decrease 
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T 5 by Directly Cleaving Collagen Bonds and Increasing Ionic 
Agitation Prior to Magnetic Induction. 

More Specifically, the Mechanical Manipulation of Soft Tissue 
will Alter Tissue Impedance During the Application of RF 
Energy, but When Applied as Massage During a Precursor 
Treatment the Following Tissue Parameters Will be Altered. 

1 . Lower T s of Collagen by Direct Mechanical Cleavage of 
Collagen Bonds. 

2. Increase Thermal Content of Soft Tissue with Factional 
Creation of Heat Which Increases Ionic Agitation Prior to 
the Magnetic Induction by RF. 

D. Facilitation of Surface Energy Losses Through Convection 
Cooling. 

E. Altering the Thermal Conductance of the Epidermis (Stratum 
Corneum). 

Although Hydration will Increase the Electrical Conductance of RF Current 
Through the Epidermis, a More Significant Effect is the Increase in Thermal 
Conductance to the Stratum Corneum. 

Hydration of the Intracellular (ICF) Fluid of Nonviable and Viable Cellular 
Components of the Epidermis Occurs by the Uptake of Water in These Keratin 
Containing Cells. In the Process the Stratum Corneum is Changed into a 
Thermal Conductor Instead of Typically Functioning as a Thermal Insulator. 
More Specifically, Keratin is a Poor Thermal and Electrical Conductor. 
Hydrated Intracellular Keratin is a Better Thermal and Electrical Conductor that 
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Promotes Heat Transfer to Underlying Collagen Containing Tissues and 
Reduces Intracellular Tissue Impedance. 

As a Result, the Improved Transfer of Heat, Through the epidermis facilitates 
the creation of a transcutaneous reverse thermal gradient. 

The foregoing description of a preferred embodiment of the 
invention has been presented for purposes of illustration and description. 
It is not intended to be exhaustive or to limit the invention to the precise 
forms disclosed. Obviously, many modifications and variations will be 
apparent to practitioners skilled in this art. It is intended that the scope of 
the invention be defined by the following claims and their equivalents. 

What is claimed is: 
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CLAIMS 

1 . A method for tightening skin, comprising: 
providing an electromagnetic energy delivery device with an 

energy delivery surface; 

positioning at least a portion of the energy delivery surface on a 
skin surface; 

delivering electromagnetic energy from the energy delivery surface 
through the skin surface, through the skin and to an underlying collagen 
containing tissue; 

modifying an impedance of at least a portion of the skin or the 
underlying collagen containing tissue; 

contracting at least a portion of the collagen tissue; and 

tightening the surface of the skin. 

2. The method of claim 1, wherein the collagen containing tissue is 
heated to a temperature not exceeding 80 degrees C during a treatment of the 
collagen containing tissue. 

3. The method of claim 1, wherein the collagen containing tissue is 
heated to a temperature not exceeding 75 degrees C during a treatment of the 
collagen containing tissue. 

4. The method of claim 1, wherein the collagen containing tissue is 
heated to a temperature not exceeding 70 degrees C during a treatment of the 
collagen containing tissue. 

5. A method for tightening skin, comprising: 
providing an electromagnetic energy delivery device; 
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positioning at least a portion of the electromagnetic energy delivery 
device on a surface of the skin; and 

controlling a delivery of a sufficient amount of electromagnetic energy 
through an epidermis of the surface of the skin and modify an impedance of at 
least a portion of an underlying collagen containing tissue or the skin without 
substantially creating cell necrosis in the epidermis, wherein at least a portion of 
the surface of the skin is tightened. 

6. A method for tightening skin, comprising: 

providing an electromagnetic energy delivery device; 

positioning at least a portion of the electromagnetic energy delivery 
device on a surface of the skin; and 

controlling a delivery of a sufficient amount of electromagnetic energy 
through an epidermis of the surface of the skin and reconfigure at least a portion 
of an underlying collagen containing tissue without substantially creating cell 
necrosis in the collagen containing tissue; and 

modifying a thermal conductivity of the skin, wherein at least a portion 
of the surface of the skin is tightened. 
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